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Of the Engravings the Subjects are, 1. An ancient Egyp' 
tian Engraving in Symbols, supposed to be astronomical. 
2. Figures^o illustrhte the Galvanic Charge, by C, Wilkin- 
son, Esq. . 3.*Oullin(^ of Pendulous Measures of Tithe, by 
J. W. Boswell, Esq. ^ Figure to illustrate Mr. Gough’s 
TJjeory of the Augmentation ‘of Sound, by communicated 
Vibrations. 5. Instrument for surveying, by Capt. J. Mort- 
lock. 6. Instrument for taking Desjgns from Nature.^ 7, 
Plan and Sections of an improved Air-Pump, by Mr. Men- 
delsshon. 8. Figures to illustrate Mr. Gough’s Theory of 
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the Speaking Trumpet. 9. Improvement in Woulfe's Ap 
paratus/ 'lO. Method </ 4nwing a Line in a Circle eqaa 
to the Sifle of its Sqqaipe, 11. Two quarto Plates, exhibit 
ing highly magtjlBed Representations of the Parasitic Plan 
which causes die Blight in Corn, from Drawings by M 
^uer, Botanical Painter to the King. 12. Mathematica 
Diagrams* of the Properties of Triangles, by Mr. Gough 
IS. /yppli?at«»> of Spectsitlc Glasses, by Mr. E. Walker. 
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SIR B, C. BVGLBVIKtD 


a 

It m bif»» tion of expfrinaents publiihed by the Academy Del Cimeiito» 
of Florence, in the year 1666, the identical experiment is 
muito. defcribed in the following words : 

Ninth Experimentrn 

Ntiradve. We were defirous to try whether a concave fpeculum,^ 

expofed to a mafs of ice weighing 500 pounds, would reflect 
any fenfible degree of cold oo a very delicate thermometej; of 
400 degrees, placed in it focus. The refult was, that the 
thermometer inflantly funk : but a doubt remained whether 
the thermometer was a^ed on more by the dire 61 cold of the 
ice, or that refle^ed by the fpeculum. This doubt was re- 
moved by covering the fpeculum: and certain it is (what- 
foever might be the caufe) that the fpirit inflantly began to 
rife again. Yet flill we will not prefume pofltivciy tO affirm, ' 
that this rife might not have been owing to fome other caufe 
than the taking off the refledion from the fpeculum, all the 
precautions not having bee!f taken wffich might be confidered 
neceflary to fecure abfolute aflent to the experiment.*'— 
di Naturali EJperlcm^t pogc 176 . 

I do not mean to ailert that Mr. Pidet had feen this mofl 
excellent book, or that he borrowed horn it without acknow- 
ledging his obligation ; but the honour of having firfl made 
the experiment is certainly due to the Florentine philolophers. 
Excellency of It may not be foreign from the fubjed here to obferve, that 
don. the Saggi,’* for perfpicuity, brevity, an<|^hat diffident cau- 

tion fo eflenUal to the invefligatioii of truth, is a model of 
philofophical writing, not perhaps excelled by any book writ- 
ten flnee that time, and more admirable when we coufidcr 
*the diffufe and obfeure fli|e fo much in faflrfSn in the works 
of the learned at that periocl. ^ 

The Acftd. del 2. Scarcely apy treatife oi^pBural philofophy has failecTto 
Soft bwks experiment made bytbe academicians Del Cimeato, 

have compreiTed tbf incomprefSbility of water inclofed in a globe of j^old, 
in a giob« fiibmilted to thtF preflure of a ferew preb. Mr. Canton, 
^ * M) bis exper^ents on the fame fuigefi, puUiflied in the d2d 
vol. of the Fhil. Tranf. b fpeeks of it. You will probably be 
furprifed^hen 1 aflert, that the academicians did not try the 
sfxpeciment with a gold gjobe, but one of filver; and that 
^ reafon for ufing filver in preference to geld^ 
QWftly,. that tte dudtUty of geU wai fo great chat it woridi 
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* voltes. DISCdVfiR'tES. 

h 

^tend its dimenfiorks by preflerre^ abd To defeat *the intentioi^ 
of the experiment. Neither Was the globe comprefled by a 
machine, but merely by hammering. 

But the honour of this experiment is hot due lo the Floren»Lord Bseon M 
tine philofopheni, but to our own llluftrious countryman 
Bacon, wiio, in the ^ovum Organwfh Book 11. Se6t. 45^ 
gives the very fame experiment on watq^ enclofed in a large 
and Arong globe of lead, which being ArA comprelfed by the 
hammer and then by a ferew-prefs, the water exuded through 
the pores of the metal, and Aood in a dew on its furbee. ^ 

The inaccuracy with which this experiment has been re- 
lated, though in this cafe of no great importance, may how- 
ever be an ufeful leAbn, and induce thoCe who wiAi to attain 
to truth, to truA as little as poAible to information at fecond- 
hand, but to recur to the original authority whenever it is prac- 
ticable to do fo. 

Before 1 conclude, permit me to mention a curious circum* ThetelefeopewM 
Aance relative to the^acra of the invention of the telefcope. 

AlmoA all books place it in the year 1609, and the ArA dif- two hdmt 
coveries of Galileo were made in 16IOj yet Kepler, in his ^*'*®®* 
account of the comet which appeared in September, 1607, 

CSee Kepler de Cometis, page 25) exprefsly Aates, that though, 
to the naked eye, it was only equal to certain Axed Bars near 
it, yet, when viewed with telefcopes (perfpicillis), it ap- 
peared larger than thofe Aars. 

Although the intercourfe between the diAerent nations ofRemarks on the 
Europe was at that time much lefs than it now is, it is veryT^*^®®”^* ^ 
diAicuIt to fuppofe that Galileo (hould not, in upwards of two 
years, have heard, not only of the invention, but its applica- 
tion to celeAial obfei vations by a man fo eminent in fcience 
as Kepler: and it is fcarcely lefs extraordinary that Kepler 
timfelf ftiould not, in that Ipai^^of time, have foreAalled Ga- 
lileo in feme of thofe difeoveries which rendered his name fo 
iilq/lrious; for however imperfe6l Kepler^s telefcope might 
be, k is hardly poAible that it could have failed to fliew him 
the fatellites of Jupiter, whieh are viAble to the commoneA 
opera glafs. 

I am. Sir, 

Your obedient fervant, 

H, C. ENGLE£IE£D. 

Wmf Street, Nev, 30, 1804. 
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P, S, 1 beg leave to add« Ibat the machine for drawing In 
defcribed in yoar Joarnal for Odober, page 122# 
4c6ti!^nftru- was (I am almoft abfolttieiy certain) the invention of the lata 
••at referred to. moft eminent Mr« Ramfden, and was made by him fall 25 
years fince, for the Right Honourable Charles Greville. 


‘ 11 . 

Account of an ancient Rgt/ptian Sculpture xcith Hierogfyphics^ 
JUppofed to relate to Afironomy^, la a Letter from Air. 
H. St£inhau£r. With m Engraving. 


To Mr. NICHOLSON. 

SIR, Fulneck, Oa. 25, 1804. 

Poffliyry fculp.- PeRHAPS the liberty that Ptake in filbraitling the annexed 
draught of an Egyptian antiquity# may be an intrufion upon 
bearing hiU valuable Journal, ' The Egyptian hieroglyphic 

foglyphics. infcriptlons are involved tn fuch impenetrable darknefs, that 
, every trifle contributed to their elucidation cannot but be 

ceptable, indeed equally acceptable to the antiquarian, the 
hiftorian, and the aftrdnomer ; fince the greater part have pro- 
bably a reference to that fcience. Slones fculptured in the 
fliape of a fcarabxus are, 1 believe, (for I make no preten« 
fions to the title of an antiquarian) well known; there are a 
few in the Britifh Mufeum ; but I never yet faw either a fac-. 
fimile of the infcripiion, or any attempt at an explanation ot 
the fame. The drawings inclofed are taken 4^oni a ilonc^ 
brought by the Swedifli conful at Aleppo t^ Stockholm, and. 
there prefented by him to a gejil|g«an. who has favoured mist' 
With tl)e loan and permiifion to make drawings or imprelliona 
of it at pleafure. The upper part, of the fize of the Iket^h^ 
obvtoully reprefenls a fcarabxus; probably the S. Sacer, Lin, 
fir Fabr. though the indeaiures on the head are but flightly 
marked, and alight damage between the thorax and elytra 
yender it impoilible to difeover whether a fcu&Uum be indi- 
cated or not. It was perhaps the only be^le they neprefented 
in foulplure, and the accuracy of a modern nomenclator it 
eonfequently unneceflary to'MeteriBUKe it, If I cecoUeQ rights 
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thii beetle was made ufe of as a fynibol of the anneal rolatiol^rphry rcul|N 

of the fun. The under fide ii flat, or flightly convex, perhaps 

from wear, and bears ^igbt lines of hieroglyphics, probably and bearing faiaii 

referring to the change of the feafons. The drawing, made*®**^P*“®** 

with the greatefl accuracy from an impreflion in fealing-wax^ 

is confequenlly inverteck* Should you, fir, or any of your 

friends, wifli for one to prove the exadhiefs of the draught, ^ 

it is very much at your fcrvice. The flone ilfolf is apparently 

a fpecics of porphyry, the Jlrpenlino vcrde antico, of a green 

reals, W'ith very dark green fieid-rpar, and pale green indif- 

t 1 n£l flripes. The plainnefs of the infoription, and llie fame 

fymboi occurring feveral times upon it, led me to rufpe^l, that 

it would be no very difficult tafk, for fuch as are verfant in 

antiquities of the kind, to difcover foroewhat of its purport ; 

and being oonfcious of its value, 1 was unwilling to let it lie 

liy me, without offering it to the attention of fuch as are 

more deeply interefled in it. Your with to promote the arts 

and fciences, which fo obvioufly pervades your efleemed 

Repofitory, makes me hope that you will cxcufe mine, in 

cafe the fubjeft fliould not be admiffible into your Publi-p 

cation. 

I remain. Sir, 

Your obedient humble fervant, 

H. STEINHAUER. 


P. .S’. Is the carbonate of barytes a frequent Britifli mineral. Native ssrboaalt 
except at Chorly ? If not, it may perhaps be interefling of slac!!^ 

formation, that it is found in very large quantities near Murton 
in Cumlierlai^, and fome other places of the vicinity. The 
Dative oxide of zinc, fcarccly inferior to the flowers of zinc 
of the (hops, 1 do not recou2i6ljto have feen mentioned. It 
is found in one part of the Weft Riding uf Yorkfoire, in coni» 
fidgrable quantities. 


* The engraver having followed the copper^ * 

enr print is not inverted 
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Method of ob- 
taining it. 
Diftillation of 
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and arfenious 
acid. 
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Extrafy qf a Memoir on the fuming Liquor of Cadkt* 

% Cit, Th E N A K D.f 

Cadet difeovered this liquor near half a century ago, in 
making invelligalioil^ on arfenic. The name of its author was 
given to it then, which it has retained ever (ince, becaiife its 
intimate nature and conftituent principles were unknown. 
The thick fmoke which this (ingular product fpreads through 
the air, its fpecifle gravity, greater than that of water, its 
oily (late, its great volatility, its powerful odour, its Iponta- 
ncous inflammation in the air, obferved by Cadet and the 
chemifls of Dijon; in flne, all its pioperties, each more ex- 
traordinary than the other, induced Cit. Thenard to fubjcfl it 
to analylis. 

He began by procuring feveral ounces of this liquor, by 
diflilliiig, according to Cadet’s procefs, equal parts of acetite 
of potafh and arfenious acid, the produce of which he received 
in glafs globes, cooled with a mixture of ice and marine fait. 
A liquor, very little coloured, and fmelling flrongly of garljc, 
foon pafled into the receivers; at the fame time much gas was 
difengaged,. which fpread the fame odour, and the receivers 
were filled with vapours, fo heavy that they feemed to run 
like oil. When the operation was terminated, he unlulcd 
the apparatus, and broke the retort. The bottom of it was 
covered with a white, acrid, and alkaline fubflance ol pot- 
alh, ariflng from the acetite employed ; and the neck was 
lined with cry flats of arfenic, owing to the reduction of the 
arfenious acid. The gafes, (he quantity of whicli was very 
great; contained arfenialed hidi^en, in addition to tlie cat- 
bonated hidrogen and carbdfiic acid, given by all vegetable 
matters which are decompofed by fire. The liquid produ6l 
was compofed of two very diflinfl flrata, holding metallic ar- 
fenic in folution, which was not long before it was depofited 
in flakes ; the ^pper one was of a brownifli-yellow and aque- 
ous, the lower one was lefs coloured, and^o^ an oily appear- 
ance. He feparated them, by pouring them into a tube drawn 
to a point by the lamp, which allowed him to receive them 

* From Bulletin des Sciences, Tom. HI. p. 302. 
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in different velTels. The heaviefl, as being the moft ufeful to Examination of 
he IcnowHj was firft examined. At the cuininencement he hoavieft. 
was affedled by the thick vapours which it difperfes through 
the air, and by its extremely penetrating and horribly fetid ^ 

odour* Its a6tion on the animal economy is fo powerful, that It powrfully af- 
*hc found it impoffible to devote more than one hour in a day cconut^l" 
to his enquiries, and he was more than once tempted (o aban- 
don them. He was in the fame flate as if he had taken a 
firong medicine, and experienced (liipeiying efFe6ls ; againft 
which he employed fulphurated hidrogen diilblved in whaler, 
with fuccefs. 

As he had but a fmall quantity of the liquor at his dirpofal, Order of the in- 
and it w'as of importance that his attempts fliould not be fruit- 
lefs, he regulated the order of ills enquiries Jn this manner: 

Me firfi determined the caufe of the odour w'hich it fpreads 
through the air ; then he fought for that of the thick vapours 
which it produces, and afterwards that of its fpontaneous in- 
flammation ; and he made ufe of the determination of thefe 
three points to difeover the fourth, and mod important, the 
confiituent principles of the fubflance. 

The odour could only proceed from the fubftance itfelf, Caufc of the 
or^elfe from an elaflic fluid which it might hold in folution, 
and which the author Tuppofed to be arfenialed hidrogen. He 
therefore diflilled, with great care, a certain quantity of the 
liquor in a fmall glafs retort, to which were adapted a re- 
ceiver and a lube for collecluig the gafes. He obtained no- The liquor wm 
thing but the air of' the veflels; the liqupr was entirely vola- 
tilized, and paffed into the receiver without having undergone 
any alteralion, except that its colour was not quite fo deep. 

Hence the odour of the arfenical liquor is owing to its pro- 
perty of being vol^ilized, and, probably, ditlblvcd in the air. 

The caufe of its vapour^ /:ojjild only be owing to an ab- Its vapour is oc- 
forplion of oxigen, or to an abforplion of the water diflblvcd «^*^**'®!* 

. * . ® A 1 /• . ‘»t>t«>rption of ox- 

11 ) 4)e air, or to both thele effects at the lame time. The air igen and water* 

of a flalk, into which Cit. Thenard had poured a few drops, 
immediately loft its tranfparency, and, in a ftiort time, be- 
came incapable of fupporting the combuftion of a taper. A 
vetfel of the fame fize, filled with carbonic acid, offered the 
fame phenomena, but in a lefs diftind manner* To guard 
again ft the contact of the air, he bad been careful to fufpend 
a very thin tube, containing the liquor, to the cork of theffafk, 

fo 
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fo that be could eafily break it againft the fi^es of the veflbl. 
The vapours were not perceptible when he u fed carbonic acid 
perfeAly dried; whence he concluded, that the vapours of 
the arfenical liquor are owing to an abforption of the oxigen 
and the water contained in the air jointlyi but that the hrlt of 
thefe caufes feems to be more powerful than the fecond. 

Its property of From this it Aiould feem that the arfenical liquor is poiTefied 
Uneoufly i?ow- property of inflaming alone. It does not however take 

ifig to metallic fire at the approach of a body in corobuflion, when it is very 
•rfenic. pure; and it is obferved, that, in all the fpontaneous inflam- 

mations which it experiences, the combuflion always begins 
at the black fpecks which diflurb its tranfparency, and are 
only metallic arfenic very much divided. 

It muft there- It now remained to determine the nature of the arfenical 
fordc*^**”****^ liquor. Its odour, which refembles arfeniated hidrogen gas, 
indicated that it muA contain arfenic, and that this metal 
nuA have great influence on the phenomena which It offers 3 
Its combuAibility, its conAAence, an^ its appearance, Indi- 
an oily matter, cated an oily matter ; and, although it did not change the 
tincture of turnfole, and no re-agent demon Arated imniedi- 
and acetous acid; ately the exiAence of acetous acid, this body mu A neverthe- 
but this was not lefs be expected in it. To fucceed in infulating thefe difl^r- 
indicated by al-, fubAances, the author tried the alkalies; but experience 
foon convinced him that he muA have recourfe to other means. 
Oxigenated mu- He employed the oxigenated muriatic acid with much greater 
fistic acHde- fuccefs. Some drops of the liquor, poured into this gas, were 
^ ’ inAantly inflamed, and their decompoAtion complete. 

They were then precipitated in w'hite flocks by lime-water, 
Formed a foil- in yellow ones by fulphurated hidrogen ; while, on being 
ated fait with faturated with potaAi and evaporated, they formed a foliated 
pota/h. flrongly atlrading the humidity of the air, acrid, Aiarj^, 

decompofable by fulphuric and difengaging a Arong 

odour of vinegar. The quantity of arfenic and of acetous 
acid obtained, being far from correfponding with the quantity 
of liquor which had been ufed, there niuA therefore have been 
Its folutioii in another body in it which it was requiAte to infulate, and this 
k* accompliflied by treating a new portion of the liquor with 
rated hfdrogenl)* ^ quantity of water fufliGient to diflblve it ; then on decom- 
Viddedjuiphur, poAng it by fulphurated hidrogen, it yielded a precipitate, 
yellow, very much divided, formed prtnci^ly of 
acid. ^fenic and fulphur, which was a conAderable time in fepan 

gating 
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‘rating from an oi]> which was afterwards fecn fwimming on^ 

Hie furface of the liquor. This contained a great deal of 
acetous acid. Its decompofition may be further facilitated 
by expofing it to the air; then it emits thick vapours* it is 
cryftallized* and becomes fligbtly humid. It is rendered tur- 
bid by lime-water^ and yields a yellow precipitate with ful- 
pburated hidrogen. 

From thefe different experiments it follows, that this li({uor Compotitton «f 
is compofed of oil, acetous acid, and arfenic, nearly in a me- heavieft Ji- 
taliic flate; and that it mud be conficlered as a fpecics ol 
foap, with a bafe of acid and arfenic, or as a fort of olcu- 
arfenical acetite. 

^ This anal)' fis was very ulcful in that of the upper liquor. The upper t!»i4 
In fad, nolwithflandin^ the diflerence which Teems to only by* 

between them, fince llic laller refembfes water, can combine having a larger 
with it in all propoi lions, forms only a flight cloud in the JccTous acid aaA 
mofphcrc, has much [pfs odoui, and does not inflame in any water, 
cafe, it is eafy to prove that it only differs from the firfl by its 
greater proportion (»f acetous acid, and by the water which it 
contains; for it |eildcns the tindurc of tuuifole flrongly, effer- 
vefees with the carbonates, gives rife to acetites, and is (lightly 
p’reeipifaled of a yellow colour by fulphurated hidrogen, which 
feparates n little oil from it. A very fntall quantity of oxigen^ 
ated muriatic a^d fpeedily deflroys tlie odour, and it is then 
precipitated white by lime-walcr, and of a deep yellow by 
the hidro-fulpliurets. Kxpofiire to the air^firoduccs in it, by 
time, the fame changes as lake place immediately with ox- 
igenalecl muriatic acid. Finally, a liquor, exadiy fiiiiilar, is 
formed by dilfoiving a few drops of the lower liquor in very 
weak vinegar, and thus fynthefls confirms tlie refults of 
fna))fts. • 

We can now eflabIKh a i!;eofy, clear of all hypothefis, on Theory of tht 
the phenomena offered by the dillillation of acetite of potafli procefs. 
and arfenious acid ; we fee that one part of tfie arfenious acid 
is entirely reduced ; that another is fmly brought near the me- 
tallic flfite; thfit the acetite of polaflt is totally decompo fed ; 
that almofl all ^he acetous acid is alfo dccorop^fed ; and, that Componpfit parts 
from thefe different decompofiejons rcfult vi-atcr, carbonated J!* fuming 
hidrogen, arfeniated hidrogen, eirbonic acid, a peculiar oil, 
oxide of arfenic, arfenic, and potafh ; that the potafli forms ^ 
fhe white refidue found in the veflels in which the diflillation 

was 
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^as performed ; that the arfenic is fublimed^ and adheres to, 
the neck of the retort ; that the tliree different fpecies of gas 
are mixed, and may be collefled in tlatks ; finally, that the 
water, the oil^ the acetous acid, and the oxide oF arfenic, ar& 
condcnfed in the receiver; that thefe three lad bodies, by 
combining in certain proportions, form a very volatile com- 
pound) heavier than water, and fparingly foluble in it ; and 
that it is for this reafon that it feparates into two very didincl 
drata; the lower of which mud be conddered as an oleo-arfe- 
nical acetite, and the other as a portion of the hrd diffolved in 
water, which folution is promoted by an excefs of acetous 
acid. 


IV. 


Account of Cerium, a nnv Metal found in a ininei al Subftance 
from Baftnas, in Sweden, /iy W. D^Hesingek and J. B, 
Bekgelius. 


(Concluded from Page 300, Vol. IX.) 


With Succinic Acid. 


Succinate of 
cerium. 


c 


Callattr'of ceri- 
um. 


(P.) fird, fuccinicacid renders the falurated folutions 

of cerium turbid, bat afterwards they becodfe clear. Thus, 
a few drops of fuccinate of ammonia, poured into a faturated 
nitric or muriatic folution of this metal, occalion a precipitate, 
which foon clifappears. On pouring in a greater quantity of 
this re-agent, the fuccinate of cerium is immediately depofited. 
This combination is while; it is not wholly infoluble in water, 
dnee the folution firefm which it was feparated dill retains a 
little, as is manifeded by evaporation, or hy alkalies. Th^ 
fait obtained by digeding free Succinic acid with the oxide, 
comports ilfelf in the, fame manner. The acid didblves it 
readily. Expofed to the fire, it burns with a blue flame. 

Since the acetate of cerium is not precipitated by the fucci- 
nate of ammonia, this is a certain means of obtaining the ce- 
rium freed froiK iron. , 

WiB^alUc Acid. 

(^t.) If crydallized gallic acid isput into a faturated folution 
of muriate of ferium, a fmall quantity of a white precipitate 

is 
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is formed. The alkalies augment it, and give it a dear cho« ^ 
colate colour. If a larger quantity oF alkali is gradually added^ . 

the quantity of the precipitate, and the intenGty of its colour 
are increafed ; in proportion as this addition is made, the pre* 
cipitate becomes of a reddith brown, and at length, by expo* 
lure to the light, gives a turbid, deep green Iblution. 

fVuA Fruffic Acid» 

CR») The faturated Elutions of cefium are precipitated ^^rnfliAte of ct- 
^'liite by the prufliates. The voluminous precipitate has much 
refemblance to filver precipitated by muriate of foda. An ex* 
cefs of acid readily diflblves this precipitate. 

Oxide of Cerium with Sulphurated Hidro^en^ 

(S») At the commencement, the faturated folutions of ce- Hydro. fulphuret 
riiim are precipitated of a brownifli colour by hidro-fulphuret®^®*^”**™' 
of ammonia ; but if moge of this re-ageiit is added, the precipi* 
late is of a deep green. The muriate of cerium alone takes 
a deep green colour, but if an alkali is added to it, an hidro* 
fulphurated combination of inuiiate of cerium, at a minimum 
of oxidation, is formed, which is rapidly precipitated of a 
bright green colour. 

The hidro-fulphurated cerium, well dried, has a deep green 
colour, almoti black. It is cafily dellroyed by heat ; put into 
a crucible, moderately hot, it burns with a yellowifli, phofpho- 
ric tlainc, only viGble in the dark. 

Sulphurated Oxide of Ceriumm 

(T.) ITe fulphuret of ammonia gives a fading brown pre- Sulphurated ox* 
cipitate with the folutions of cerium. This fulphuret, added 
ijl cxccfs, gives a precipitate of a grafs green, which becomes 
bright green by deficcation : u burns with a blue flame and the 
pure oxide remains. 

'She muriate of cerium at a minimum is precipitated white by 
fulphuret of ammonia. 

Oxide of Ctri%m tuith Phojphorus.9 • 

A piece of pure phofphoras was put into a folution Phofphate ef 
of muriate of cerium contained in a clofed* veflel, and kept for"**"®* 
feveral days on a flove. The bottom and fides of the vefTel • 

were covered with a white precipitate, and the piece of phof- 

phorus 
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phorus was covered with b hard brown cruft, from which the 
pho(y)horQ8 was feparaled by heating it in warm water. Tliis 
cruft was tenacious, and fliining in the dark. Heated, it took 
fire like phofphorus, and left a refidue of a fmall quantity of 
oxide, which, on being melted with borax, exhibited ihe^ 
charaflers deferibed above, except that the globule retained 
its clear green colour, after being cooled. It appears pro- 
bable that thefe phenomena arofe ^oni the phofphorus con- 
taining cerium. Butnhe piiofphorus, kept for a month in the 
fame folution, flowly depofited awhile powder; whence it 
is uncertain whether the formation of the cruft, mentioned 
above, was owing to the cerium. The acid w'gs always in 
excefs in the folution, and (he white powder had all the ap^ 
pcarance of phofphate of cerium. 

With the Alkalies, 

(V.) The pure alkalies do not d^olve cerium, even by 
fuiion* By this means it is ealily deprived of manganefe. 
Pure ammonia digefted with the oxide, does not diflblve it, 
but renders it yellowilh. 

The carbonated alkalies diflTolve the oxide of cerium in fmall 
quantity. The folution is yellow, and is precipitated by the 
acids. They alfo diftblve it by fuiion in covered veflels. In 
the open fire, it oxides too much to enter into folution. 

The relations of cerium are not precipitated by iron or 
zinc. 

The ele6lric pile of Volta only dccompofes the falls, and 
the yellow oxide adheres to the condudior. 


V, 

y ' 

Kew Experiments on Al^hrption by Charcoal, made by Means qf 
% neu> Machine* By C. L. Morozzo* 

(Concluded fiom P. 164 Vol. IX.) 

On Oxigen Gas* 

25 Ih, 1 NEXT proceeded to the examination of the abforp.. 
lion by charcoal in oxigen gal* 

1 therefore extraQed fome oxigen gas from ted precipitate 
to be employed in my ditferent experiments. Of this gas, 

trib 
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Ir^fd wUh .chaieoid in my mBcbin^* m|[ht inches and liiMOxigea gM« 
were abrocbed : ibis great abfbrption Surprised me ; £or in my 
firfl experifnenAi* in 17 83^ made in clofed tubes* I had had 
but a very fmall one: I therefore found no difficulty in aitri* 
bating it to my matrafs having been melted. towards the clofe 
•of the operation^ which made me fufped that my gas had 
been fpoiled by the nitrouf acid| and I repeated the experi- 
ment with great care. 

26lh. 1 then took oxigdh gas which bad been obtained from 
red precipitate with gr£at attentiont and had been prepared ^ 
in the laboratory of Doctor Bonvoitin j what was my afioniAi- 
men! at obferving that« in thirty-fix hours, the abforptkm 
amounted to twelve inches and eight lines, and that it conii** 
nued for fevcral days : in forty-eight hours it v/as fourteen 
'inches fix lines ; in lour days, fifteen inches two lines; in five 
daySj iixtcen inches tour lines; and« finally^ in three days 
more, the gas was entirely abforbed. 

27 til. This experimerft was too interefling to omit repeat- 
ing it with the greateft potfible precifion. 

1 therefore took Tome of the fame oxigen gas, and the ab- 
forption was twelve inches three lines in the ^rft tour hours ; 
in forty-eight hours, it was thirteen inches fix lines; in three 
days^ fourteen inches five lines; at the end of the fourth day^ 
it was fifteen inches three lines? of the fifth, fixteen inches; 
ofthefixlh, fixteen inches feven lines; of the fe vent h, feven- 
teen inches two lines ; finally^ on the eighth day the gas was 
entirely abforbed, 

28th. I repeated the fame experiment on oxigen gas ob- 
tained from water expofed to the fun, in which 1 had put 
three ounces of charcoal-powder*; in this gas, which was 
very pure, the abrorj)lion8 took place in the fame manner, 

99tb. Thefe fa£ts will furprife thofe who, haung made 
tlieir experiments on oxigen gas in tubes clofed hermetically, 
and pafling the charcoal through the mercury, obtain^ 
only very fmall abforptioDS, which never exceeded three jnchea 

V In the twelfth volume of the Italian Society, I have inferted a 
fnemoir on the property which charcoal mixed with water has of de- 
veloping one-third more of oxigen gas, of a fiiperior quality to that . 
obtained from pui% water; In this memoir I prove, that a part of 
this oxigen gas is prodUci;d by Ae diaifoal, which cooimunicates 
the frincipk /r# to the air contained in the water. 


fbrsa 



14 

Oiigcn gst» 


GA$ES AfiSOIfeJI£0 HY CHAACO^AI. 

three lines in tubes of* twelve indies ki height. 1 em 
* tainly not miflaken ; end' MM# Rouppe and Vati-Norder, 
who have repeated my esperiments in their apparatafes, have 
obtained' the fame refoltSy and* have founds as I did, thaU 
/lext to hidrogen, oxigcn gas is that which is lead abforbed 
by charcoal.^ * 

90th. I mud not pafs over a dngalar experiment, the ex* 
planation of which will alfo be very difficult. 

1 examined the abforption which a piece of charcoal, that 
had remained feven hours in the brigm light of the fun, had 
ededed in the fame oxigen gas ; it was only between feven 
and eight lines, while a fimilar piece, which had been only 
five hours in the folar lightf produced an abforption of ten 
inches three lines in carbonic acid gas. 

' It mad be obferved, that a piece of charcoal expofed to 
(he light of the fun and placed in oxigen gas, produced only 
an abforption of feven or eight lines^ jud like the abforption 
ef a piece which had been expofecf to the fun's light, and 
placed in bidrogen gas, which gave only an abforption of fix 
lines : and, in this, thefc refults are perfectly conformable to 
my experiments, made in the .year 1785. 

3 Id. This difference of the refults is therefore only owing 
to the method either of paffing the charcoal under the mercury, 
or of leaving it in the machine. It appears lliat, by palling 
it through the mercury, the charcoal lofes much of its attrac- 
tive power, which it retains in the machine. 

Let us endeavour to find whether thefe differences can be 
accounted for. 

32d. It might be fuppofed that the red-hot charcoal in- 
flames the oxigen gas; but fince 1 do not open the key until 
fome time after the charcoal has been jnferled^ it does not 
appear tome to be likely that the gas can be inflamed : befiefes, 
if this were the cafe, the diforption would be made at once, 
and it would not require eight days to be complete. ^ 

33d. It might be fuppofed that, in this cafe, the charcoal 
fupplied hidrogen gas, which, mixing with the oxigen gas 
and producing water, would caufe abforption : but during 
the whole experiment there was not the fmatlefl drop of water 
perceived in the tube* / 

* Ann, Chimie. 
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^ 34>tJ3. ThcT^ mtl^t be featba to believe that the chereWr^ ‘ 
by tniaming the exigen gas, miglH convert it into carbonic 
acid gas, which is the moft abforbed of all the gafea ; but -to 
falisfy aayfelf of this, 1 produced an abforption of osctgen gas 
by a piece of charcoal, as in the former experiments i in 
twenty-three hours it amounted to twelve inches, then with 
a fyringe of ctyfla! I palTed h>fne lime-water through the mer- 
cury into the remaining gas, and it did not become turbid, 
which proves that ct^onic acid Was not formed ; and, having 
turned up the tube, flU reiidual gas extinguilhed a taper : I 
believe it to have been azote, 

36 til. 1 was of opinion that incandefcent charcoal would 
abfurb more than another piece which had been fuffered to 
cool till it no longer appeared red. Experiment fliews a 
greater abforption in the hrd for twenty-four hours; but, 
leaving the apparatus undtflurbed, in two days the abtbrption 
became equal. 1 operated upon atmofpheric air. 

36tb. 1 mull acknowledge my inability to give an expla- 
nation of thefe iingular experiments, as 1 have already de- 
clared above : were 1 to hazard any conje^ures, they would 
probably be overturned by new theories^ which do not fpare 
esien the labours of the greateii chemitls in France. 

37th. 1 fliall therefore continue my operations as 1 pro- 
pnfed, and new experiments will, at leaft, fupply the want 
of fylleros, « 

On the Difference in the CharcodlH made tife qf^ 


r* 


3S(h. Having afcerlained the abforptions effedled by the Dlffetvnceln ttie 
charcoal of beech wood in atmofpheric air and in the different 
gafes, I proceeded to examine the variations which the char- 
coals of different woods would produce in them. 

- 39th. 1 therefore took two pjeces of charcoal, the one of 
beech, the other of the branches of fallow deprived of bark: Charcoslof fal- 
1 igtroduced them both in an incandefcent Hate, and exa- ’ 
mined the difference of their abforption in the fame atmo- 
fpheric air. 

. That of beech gave an abforption of feven inches and eight 
lines in fix hours. 

That of fallow gave only an abforption of four inches and 
three lines, and there was no further abforption after fix 
{lours. 

Thefe 
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I^ASBS ABtORno BY^ €HARC!faA£; 

t'hefd experiments with 4i4fc whidl^ 

1 have publHhed in my thirdl mem<^« 1 ftefi difpetife wiHi p0 
ri3aiian of feverd dtber expedmenU which L have mtde eo 
di&rent woods^ fitch at haele^ vine4wigs^ tzc* nUef whkh 
gave lefitabforpiions. 

of bof } I afterwards tried the charccnl of box wood^ although it is 

very convpad wood j but iihce. Kirwan found that ibis wood 
cootasns much more faline maUer than any other woodi it 
was deflrabteto fubmit it to^perioMUt : its abforpticii^ bow* 
ever, was confickrable^ and eqaid lo tbMTproduced.by beecln 
wood. The greater or lefs quantity of friine matter in the 
wood of which the charcoal is iiiado» therefore^ does not con« 
tribute to the variations in the abforplion. 

•fcgrk* 40lli, I afterwards examined the charcoal of corki which 

interefled me greatly, becaufe Cit. Odter, from the experi- 
ments of Dr. Beddocs, has propofed it as a medicine : I was 
defirous of examining whether it contained more of the prin* 
ciple of fire than the others* I therefore charred cork ; but 
it is fo light, that, after the charringi a piece of equal bulk 
with that of the beech which I had ufed, weighed only three 
grains : to bring (hecircumAances to an equality, it was there- 
fore necelTary to make the experiment with a piece of beech 
charcoal which weighed three grains *: it was in atmofpheric 
air it was tried. The following are the refolts : 

Three grains of beech charcoal produced an abforption of 
one inch and nine lines. 

The charcoal from cork abforbed only nine lines. 
Tfaecbaicoalof 41 A. According to my principles +, the charcoal of cork 
Sf*the*** contain the matter of fire more than any other charcoal ;r 
principle of fire ikus when it is neceflary to give it as a medicine, either in* 
tbinmy other hardly or outwardly, it Aiould be preferred, to all the others ; 

and 1 am of opinion tbat it is by oxidating, and not by difox* 
idating, that it produces its aAraiAiing effe&i. Befides,' we 
have inAances of fubAances which aft ui this manner. The 
oxigenated muriatic aicidt far from'abArafting the oxigen,-n 

I 

i 

e llie pteces^uf bseA^ ekareoal wtfich I ufe, and which weigh 
tliirty-fix grains, are of lAit kngdi Off tea Uses, and abomt dve in 
diameter. ^ , 

t S^e my thud memoir eachivceiib 


foppofo^ 
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fuppofedi on the contrary, to add a confiderable quantity of 
it to fetid ulcers, and carries off their fetidity as well at * 
cliarcoal.* 

Water may fometimes he ufed in the Inftrument inftead of 
Mercury m 

42d. Although, in the courfe of thefe experiments, 1 have Coloured water 
conftantly employed mercury, in fome experiments a coloured b^^fubiUtutcdU 
water may be ufed with advantage, fince it is better feen innieicury in tht 
the tube; but this can§ol be ufed when the gafes which are “'**^*'‘“** 
abforbed by water are examined, nor with the carbonic acid 
and the other acid gafes which are much abforbed : then it is 
iiecetfary to change the tube, and to fubditute one which, 
inftead of eighteen inches, is at leafl thirty-fix in height; 

•without which it w ill be entirely filled. 

43d. It was on almofpheric air taken in my room with the 
windows open, that 1 experimented with coloured water. 

The charcoal produced abforpiion of ten inches and a half. 

It has been feen, that, with the mercurial apparatus, I had 
had an abforption of eight inches fome lines. 

The prefTure of the atnjofphere in the water therefore aug- The pretTure of 
mented the abfoiption, which ufually lakes place with the 
mercury, by tw'o inches and a half; that is to fay, one-fourtli fuits,* * *** 
of the height. 

44th. I fliould obferve, that very frequently the fmall dif- 
ferences of one or two lines obferved in the abforptions of 
the fame quality of air or of gas, are owning to the variations 
of the atniofpliere, which 1 afeertained by comparing the 
height of the barometer during the experiment. 

The Pieces of Charcoal ufed in thefe Experiments, acquire Weight. 

45lh. After the fixperimenls, all the pieces of charcoal The chai coal 
employed had acquired greater weight: this ^“6'“^*ntation 
was from half a grain to two grains, and appears to be de-muus; *^*^*^^ 
pendent on the greater abforption. 

46th. I took four pieces of charcoal W'hicli had been ufed 
in the experiments made with atmofpheric air, which, among 
them, had acquired four grains in weight: I palFcd thera 

' ♦ See the notes of M. Odier to Beddoes's memoir. Bibl. Brit# 

Vol. VI. p. 359. 

VoL, X. — January, 180 j, C under 
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under water, in a tube of one inch in diameter and fix inches 
i^yleMitm-high, which was alfo fitted with water. A part of the air 

was immediately developed, but I only 
itaconpouid obtained about two inches, (they had, however, abforbed 
“^JJJ^'among them nearly thirty-two inches). The reflored air was 
found to be compofed of carbonic acid gas and azote gas. In 
this operation a part of the air is fixed in the charcoal to be 
embodied with it, and cannot be again dilk>dged but by em- 
ploying fire. I believe thefe combinations frequently occur 
^ in nature, and the great Newton fufpeded it. 

47th« 1 dried the faeces of charcoal which had been wetted 
By which it ic- in the preceding experiment, in the air : I afterwards exa- 
mined them, by again heating them to rednefs in the fire, 
and placing them in the machine ; they abtbrbed the fame 
quantity of air as before. 

No water pro- ^ 4S(h. 1 directed all my attention, as well after as during 
aSnutjonof'the* courfe of the experiments on atmofpheric air, to fee if 
fas under exa- I could perceive any drops of wate»* either in the tube or ii> 
oUation. ||^g apparatus, but I did not obferve the leaft trace of it ; 

neither was the charcoal moifi ; on the contrary, its furface 
was covered with a/hes. 


Expenments ie be made by Jhturating the Charcoal uith different 
Suliffances^ 

Experiments ftill 49th. Since, during the progrefs of an invefiigation, there 
Co be made* are always new experiments which offer themfelves, I per- 
ceived that it would be interefiing to make trial with pieces 
of charcoal faturated with different faline and acid fubitances, 
as M. M. Rouppe and Van-Norden, of Rotterdam, had un- 
dertaken to do, and to fee the effects they would produce, 
with my machine, as well in atmofpheric air as in the difier- 
ent gafes : But my memoir being of fufScient length already, 
1 leave the care of thefe inquiries to other philofbphers ; and 
this the more willingly, fince it appears that one of the moft 
able chemifis, M. Van Mons, has engaged in this Vabjedt, 
which, in his hands, will doubtlefs receive every degree of 
« periedtion B'hich can be defired. 

50tb. 1 fliall only give the refult of foul experimeBts whidi 
I made with atmofpheric air. 

I faturated pieces of charcoal with nitric acid, fulpliuric 
acid, iblution of potafb, and lime-water; they were not ufed 

antU 
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antil they had been thoroughly dried on filtering-paper. 1 
put them cold into my machine The following are the 
refuitt : 

1ft. In the firft fix hours the charcoal, faturated with 
acid, produced an abforption of four lines and a half; after- 
wards it gave back the air, and even deprefled the mercury 
below its level. 

2d. The charcoal, faturated with fulphuric acid, effedied fi^lp*”*'** 
an abforption of nine lines, which it preferved uniformly for * 
twenty-four hours. 

3d. The charcoal, faturated with folution of potafh, made 
an abforption of three lines, and remained fo for twenty-four^ * 
hours. , 

4th. That, faturated with lime-water, made only a final] lime-water* 
abforption of a line and a half, although it was kept in expe- 
riment for twenty-four hours. 

Thefe four experiments prove that charcoal, faturated with Cher^lofeslta 
different fubftances, Infes, in part, its power of abforbing : ^ being Sue* 
probably thefe folutions, by filling the pores of the charcoal, toe 

in fome meafure deprive it of this property. fubltaasei. 

31ft. No perfon can be more aware than I am, that my 
enquiry is far from being carried to that degree of perfedtion 
wfiic'h 1 wiflied : 1 hope, neverthelefs, that philofopbers will 
not be difiatisfied that I have prefented them with new expe- 
riments, and have made them acquainted with an inftrument, 
by means of which they can appreciate the effedts of folar light 
and caloric on charcoal ; an inftrument which, in many cafes, 
will ferve them for an eudiometer, and which, when azoto 
(liall be better known, will acquire greater precifion. I hope 
that, by the labours of other philofopbers who may employ 
Ihemfelves on this fubjedt, this interefting branch of natural 
philofophy will be* brought to perfedtion, and an explanation 
ef thefe furprifing phenomena be obtained. 
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VI. 

farther Obfervations an the Cmjlitution of mixed Gafes. In ^ 
LelUr from Mr, Gough. 


To Mr. NICHOLSON. 


SIR, 


An tpology for 
tills letter. 


Other philofophcrs, befidei Mr. Dalton, have maintained 
the exigence of free elaflic vapour in the atmofpliere ; but as 
the modification given by this gentleman to the opinion, is 
perhaps the lafl it will receive, I am defirous of trefpafling 
* once more on your pages, in reply to my opponent, as well 

as to fiiew (he changes which the prefent controverly has pro- 
duced in his fyflem. 

Some obje£lions Mr. Dalton's lad letter begins by expodng my ignorance of 
to^jfidcred^*^*^* difapproving the data, by help of which air 

has been flicwn to be a chemical compound. Although his 
rufpicions may be juft in many inftances, they are wrong in 
this ; for the fadts dated by Mr. D. were known to me at tlie 
time of writing that paper; and the reprobated data were 
adopted for the following reafons: «• 

Mr. Davy found the weight of 100 cubic inches of oxigen- 
ous gas, of the temperature of 50®, to be 35.0b* grains, the 
barometer ftanding at 30 inches : now the denfttics of the tame 
elaftic fluid at 50^ and 6*0®, arc in (he ratio of 105824- to 
103744*: but when the magnitude is given, 2 . e. 100 parts, 
the weights are as the den A ties ; confefjuently (he weight of 
100 cubic indies of oxigenous gas at 6*0^, is 34.37 grains, 
(he barometer ftanding at 30; but 31 grains being the weight 
of an equal bulk of air in like circumftances, and its fpeciftc 
gravity being denoted by 1000, the correfponding fpecific gra- 
vity of oxigenous gas is exprefled by (he number 1108; which 
exceeds Mr. Kirwan's expretfion only by five. This approx- 
imation to an exadl coincidence, affords the ft rouged evidence 
of tlic correflnefs both of Mr. Kirwan and Mr. Davy, that 
can be expected in a queftion of the kind ; and, as the former 
gentleman made ufe of the fame apparatus to determine the 
weiglit of air which had loft its oxigen by being expofed to 


Spec’fic gravity 
of oxigenoug 

gA%, 


"T Thomfon't Chemiftry, Vol. I, p. 342. 
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(he martial pafle of fulphur, the fpecihc gravity, drawn from 
bis experiment, was certainly to be preferred in my calcula- 
tion to any other. This refiduum was called by me azote, 
probably becaufe Mr. Kirwan called it phlogidicated air ; 
but it was evidently confidered as a compound in the elTay 
alluded to by Mr. Dalton ; and certainly the advocate for a 
multiplicity of co-exi(lent atmofpheres will not controvert tlie 
fuppofition. The remaining obje^ions made by my opponent to 
the paper in quefiion, are levelled at my ignorance, not at 
my conclufions; they (hall therefore be palfed over in (ilence. 

In the mean time, Mr. D. perhaps will not take it amifs Jf 1 
requed him to repeat his calculations with the fpecific gravity 
of oxigenous gas when properly corredled, and to tr) wliat 
will be the variation of the eudiometer, either on the data of 
Mr. Davy or M. Lavoifier. 

Permit me, Mr. Nicholfon, to conclude this part of myAnewinftru* 
fubjedb by obferving, that an indrunient of great ufe in 
malics might be condru6led on the principles of your h}dro* 
llalic weighing machine. The body of it fliould be of glafs, 
furnidied w'ith jiroper Aopples and dop-cocks, (o that it might 
be eafily exhauded and replenidied. The preceding is but an 
impel fed (ketch of an indrument, tke mechanifm of which I 
rofign to your pen and pencil, (liould the idea appear worth 
puifuing. 

Mr. Dalton's driclures on my lad letter aferibe to nie very A mifreprefen^ 
fingular opinions; but he negleds to point out the paragraph pointed 
where the grounds of this charge maybe found; a charge 
which infinuutes, that, according to my notions of things, a 
veiTel containing a cubic foot of one gas cannot receive an 
erjual bulk of a different kind : Here indeed he accufes me 
of grofs Ignorance; ; for there are but few who do not know 
that fermenting liquors increafe the denfity of the gafes, which 
occupy part of the clofe velfels containing them. In reality, 
the* charge is fo perfedly groundlefs, that, had it been made 
by almod any other perfon, I would not have hefitaled to have 
pronounced my accufer guilty of mifreprefeniation to conceal 
his want of argument, and to fecure the piRsjudices of the * 
fuperhcial reader in his own favour. He may court the ad- 
miration of fuch ; I do not dedre their applaufes. 

Mr. Dalton fpeaks with confidence of what he calls his im- Mr. D.*^ import 
portant argument, i, e. his affertion, that equal quantities 

vapour all. 



COKSTmTlON or JIXXKl^ OASks. 

vapour enter a vacuum and an equal fpace previoufly occu- 
pied by a gas. No one a'ould refufe its due importance to 
this argument, after feeing or peru&ng a fatisfadory demon- 
ilration ; but I know of no fuch thing in Mr. Dalton's efTays. 
He afferts, indeed, that a quantity of dry air, confined in a 
lube, receives an augmentation of force from the ptefence of 
water, equal to that which is produced by the fame caufe in 
the exhaufied tube. But this is no demoniiration, unlefs the 
porofity of air be firfl admitted ; for, without this concefiionf 
Mr. D. has no right to effimate the quantity of vapour prefent 
by the fpring of it ; this ought to be determined by weight 
only. But when did Mr. D. weigh an exhaufied vefiel,* and 
afterwards take its weight when filled with vapour? When 
has he repeated the fame experiment upon the fame veiTel 
containing dry and moifl air, and found the refull favourable 
to his hypothefis ? Negative anfwers to thefe queftions mud 
convince an impartial judge, that the porofity of the air has 
been again artfully introduced to efiablifh its own exidence : 
thus we find the fundamental datum of the fydem to be de- 
pondrated by arguing in a circle, which begins and ends with 
the thing to be proved. 

On the other hand, Mr. D. is convinced that the admii&on 
of vapour into an open bottle expels part of the air. This is a 
proof that deam, fuppofing its exidence in the atmofphere, 
finds a fpace crowded with gafes lefs convenient than a va- 
cuum ; it, therefore, makes room for itfelf, by diminidiing 
the denfities of thefe gafes, and creates in them Mr. Dalton's 
capacity for the reception of water. This fa£l being edablifli- 
ed, it will alfo be evident, thati when vapour is forced into 
a gas confined in a clofe vefiel, the former cannot make its 
way through the latter, otberwite than by condenfing it ; Sucii 
is the nature of the pores Of the air, according to Mr. D.'s 
own principles. The atmofphere is alfo found to oppofe a 
fimilar refi dance to newly developed gafes; for the gafeous 
compound contained in an open vetfol filled in part with a 
fermenting liqij^or, is not a column of the atmofphere perme- 
ated by an additional body of the carbonic acid, but a mixture, 
in which the proportion of common air is comparatively fmall. 
This fa£l overturns Mr. D.'s general conclufion, that atmo- 
fjpberes may be added to the compound atmofphere at plea- 
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fure, or taken from itf without its difiutbing the denfiliea 
and fitaaiioDs of the remaining atmofpheres*. 

The free paflage of gafes through each other was once the Cliange In Mt« 
fundamental maxim of my opponent; at which time he main»^* '^P**^*^***” 
tainedf tliat the variations in the weight of the almofpheric 
* compound arife from the changeable nature of the aqueous 
atmofpheref not from the permanent gafes f* This dogma is 
eiTcntial to the fyftem ; it has, however, been abandoned by 
its author himfelf ; for Mr. D. when attempting to explain 
the obfervation of Mr. Kirwan, is obliged to admit the per- 
manent gafes to be more abundant in dry than in moifi air ; 
that is, the denfities and poiitions of thefe gafes depend upon 
the Hate of the contained vapour, contrary to the hypotheiis* 

This departure from the primitive maxim is avowed openly 
in Mr. D/s explanation of the experiment with the moift 
bottle. Here he is compelled to confefs, that (learn, at low 
temperatures, didends the pores of air; and endeavours to 
preferve the exiflence of his aqueous atmofphere by fomething, 
which looks like a demon (Iration from the final Q. £• D. : 
but it ought to be remembered, that the particles of a fluid 
prefs equally in ail dire£lions ; confequently, that the cor« 
pitfclcs of air would a^ with their full force on the contiguous 
corpufcles of his fuppofed vapour. 

perhaps Mr. D. will perceive, by this time, that logical 
precifion has placed him in tlie circumflances of certain phi- 
lofophers mentioned in his third effay, who are unable to de- 
fend their opinions. In fa6l, Mr. D.’s liypothefis is repug- 
nant to natural appearances in its primitive form ; for, ac- 
cording to it, a fliower of rain is a prodigy ; feeing the drops 
mud difplace equal bulks of air, and this removal mud be 
brought about by the inadequate weight of a column of va- 
pour which has lod part of its fpring, 

JOHN GOUGH. 

MtddUJhaw, December IS, 1804. 

P. S. Since the publication of my paper on vegetation, I 
have found, by Br. Thomfon^s Chemiflry, That M. Ingen- 
houz had formerly made the fame difeovery. In 1795, ] read 

* Manchefter Memoirs, Vol. V. p. 546. 

Manchefter Memoirs, VoU V* p« 547« 
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IntroduQloii) 
?vith reference 
to the ex peri - 
mentB made by 


ind by Vauque- 
lin* 


Subftance ob- 
tained from the 
grains ot'DlaCina, 


his work, Sur Us Vegetnux, printed at Paris, 1787; but un- 
doubtedly this feftion had by fome means been overlooked. 
All that 1 have to do at prefent, by way of reparation, is to 
thank Dr. Thomfon for his information, and to declare that 
paper of no value; which in all probability will prove a fuf« 
ficient apology to M. Ingenliouz. 


VIL 

On two Mctnkf found in the him k Powder remaining qfter the 
Solution of Platina. Sm i th s on Tk n n a nt, Ef(j. l\ /i. S, 
From the l*liilofophical Trnnfiictiom for 1 804-. 

Upon making fome experiments, lad furnmer, on the black 
powder wdiich remains after the (oliition of platinn, J obferved 
that it did not, as was generally believed, confift chiefly of 
plumbago, but contained fome unknown metallic ingredients. 
Intending to repeat my experiments with more attention during 
the winter, I mentioned the rcfiill of them to Sir Jofeph Banks, 
together with my intention ot communicating to the Royal 
Society, my examination of this fubflance, as foon as it fhou'id 
appear in any degree fatisfadory. Two memoirs were after- 
wards piibliflied in France, on the fame fubject ; one of them 
by M. Defcotils, and the ethers by Mellis. Vauquelin and 
Fourcroy. M, Defcotils chiefly dire6ls bis attention to the 
effedls produced by this rubflance on the folulions of platina. 
He remarks, that a ftnall portion of it is always taken up by 
nitro-murialic acid, during its action on platina ; and, prin- 
cipally from the obfervations he is thence enabled to make, he 
infers, that it contains a new metal, which, among otiicr pro- 
perties, has that of giving a deep red colour to tiie precipitates 
of platina. 

Af. Vauquelin attempted a more diredl analyfis of the fnb- 
dance, and obtained from it the farae metal as that difeovered 
by M. Defcotils. But neither of thefe cJiemids have obferved, 
that it contains r.1fo another metal, different from any hilheito 
know'n. 

The fubdance wdth which my experiments were made, was 
obtained from platina which had been previoufly freed from 
the fand and other impurities generally mixed with it ; fo that 

it 
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it mud have been contained in the (ubftance of the grains of 
platina. Though it has fomewhat ti)e appearance of plum- 
bago, it may eafily be diftinguitlied by its fuperior weight. 

By weighing it in a phial with water, 1 lound its fpecific gra- 
vt(y almo/l 10.7. 

Before I deforibe tlie method of feparating the two metals of 
which it confiftSf it may be worth while to mention the elfccls fjy,alj portiun 

<if it, whc-n combined with ditrerenl metals in its entire flate. jenacr^Jcdd. 

* , • 1 bifniuth, ainCp 

It readily unites with lead ; but, even with ten times its own and tin^ diffi- 

weight, the compound has not, when melted, much fluidity# cultly fufible 
Upon diflblving the lead in nitrous acid, the black powder was 
obtained, with little apparent alteration, not having been en- 
tirely broken down, but conflfting chiefly of the fame fcaly 
pari ides as at firft. With biimuth, zinc, and tin, the efl’eds 
were nearly flinilar; but, by fufion with copper in a very 
(Irong heat, a more pertedl union was produced. On at- 
templing to diflTolve the compound by nilro-muriatlc acid, 

meoi the pnvxder was taken up with the copper, forming with coppct i 
a very dark ibhitloii. 

The umlirt«»Ived portion confified partly of the fiibAance in 
its original /orrn ol Icales, and partly of a blacker pf)wder, the 
partii’L'^ ol wtiieh were (oo (mail to be vitible, and which had 
probably Ikh ii completely combined v\ith the copper. This filvfr or gold j 
fubllance may be eafily united, by fufion, with filver or 
and it i"s pai iiculiiily defi;rving of attention, that it caniu't be 
Ivparalefl from ihele metals, by the ufuai procels of refining. 

It remains combined with eitlior of them, alter ciipelldtion with 
lead; and with ihe gold, after quariation with filver. The 
alloys retain confiderable dudility ; and the colour of that with 
gold, is not materially difierent from pure gold. 

^ 1 fliall now piocced to delcribe the anal)fis of the black Aiulyfis of the 

powder, atid llie properties of Ihp two metals which enter “'to 

its compoiitiun. The method which I ufed for dilfolving it, two metals. 

wa^iimilar to that employed by M. Vauquelin, the alternate 

adfion of cauftic alkali, and of an acid. I put a quantity of the Fufion with 

powder into a crucible of lilver, with a large proportion of^‘“*** * 

pure dry fbda, ^nd kept it in a red heat for foihe time. The Solution jA wa- 

alkali being then diffolved in water, had acquired a 

orange, or brownifti-yellow colour, but much of the powder drrj 

remained undiflfolved. This powder, digefted in marine acid, which wai partly 

jfave a dark blue folution, which afterwards became of 

dufky 


refembling 
plumbago, but 
heavier. 
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duflcy olive-green, and finally, by continuing the heat, of a 
Fufion, itt. re- deep red colour. Part of tlie powder being yet undiilblved 
undTffo?vcd^refi- marine acid, was heated as before with alkali ; and, 

due. by the alternate adion of the alkali and acid, the whole ap- 

SHcx. peared capable of folution. At each operation, fome (ilea 

was taken up by the alkali ; and, as this continued till the me- 
tallic part was entirely difTolved, it feems to have been chemi- 
cally combined with it. 

The alk. folu- alkaline folution contains the oxide of a volatile metal, 

oxide which* fc- noliced, but which I fliall prefently defcribe, and alfo 

paratcf by re- a fmall proportion of the other metal. If this folution is kept 
for fome weeks, the latter metal feparates fpontaneoufly from 
it, in the form of very thin flakes, of a dark colour. 

The acid fol. The acid folution alfo contains both the metals, bift prin- 

contains the cipally that which has been mentioned by the French che- 


Theacidfol, The acid folution alfo contains both the metals, bift prin- 
Jat»7*met!l* which has been mentioned by the French che- 

principally that mlfls. The properties of this lafl metalf which they have 
examined by remarked, are thofe of giving a red colour to the triple fait of 

^ ‘ platina with fal-ammoniac, of not being altered by muriate of 

tin, and of giving, with pure alkali, a dark brown precipitate, 
M. Vauquelin alfo adds, that it is precipitated by galls, and 
by prufliale of potafh ; but 1 fhould rather aferibe thefe preci- 
pitates to fome impurity, and probably to iron. 

The name Jri- As it is necefTary to give fome name to bodies which have 
thTnfetaUxa- known before, and moft convenient to indicate by it 

mined by Vau- fome chara£leriftic property, I Aiould incline to call this metal 
quclin. Iridium, from the flriking variety of colours which it gives, 

while diffolving in marine acid. 

In order to obtain the compound of this metal with marine 
acid in a pure (late, I tried to make it cryHallize. 

Cryftahoflts By flow evaporation of the folution, only an imperfeftly 
mur.ace cryftallized mafs was produced ; but this, being dried oi? 

blotting-paper, and diffolved.in water, afforded, by again eva- 
diffolved in porating as before, diflin^ octaedral cryftals, Thefe cryflals 
water. dilfolved in water, gave a deep red coloured folution, inclining 

to orange. With an infufion of galls no precipilate was 
formed, but the colour was inftantly, and almofi intirely, 
« taken away. Muriate of tin, carbonate of foda, and prufliate 

Frecip. by alka- of potaQi, produced nearly the fame eflfed. Pure ammonia 
li&snd metals, precipitates the oxide ; but (poffibly from adding it in excefs) 
^ I found it retained a part in folution, acquiring a purple colour. 
The pure fixed alkalis alfo precipitate the greater part of the 
4i oxide 


The name Jri- 
dium given to 
the metal exa- 
mined by Vau- 
queliji. 


Cryftals of Its 
mur.ace 


diffoived in 
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oxide, bat are capable of retaining a part in folation, be* 
coining of a yellow colour. All the metals which I triedp 
excepting gold and platina, produced a dark or black pre^ 
cipitate from the muriated folution, which is at the fame time 
I deprived of its colour. The iridium may be obtained in a The metil irldt* 
pure ftate, merely by expofing the o^taedral cryftals to heat, 
which expels the oxigen and the muriatic acid. It appeared rejettt Tulphur 
of a white colour, and was not capable of being melted, by andurfenic. 
any degree of heat I could apply. 1 could not combine it 
with fulphur, nor with arfenic. Lead eaiily unites with it ; habitudes 
but is feparaied by cupellation, leaving the iridium upon the 'he metalt* 
cupel, as a coarfe black powder. Copper forms with it a very 
rialleable alloy, which, after cupellation with the addition of 
lead, left a fmall proportion of the iridium, but much lefs 
than in the former cafe. Silver may be united with it, and 
the compound remains perfe^ly malleable. The iridium was 
not feparated from it* by cupellation, but occaiioned on the 
furface a dark or tarninied hue. It appeared not to be per* 
feftly combined with the filver, but merely difFufed through 
the fubdance of it, in the (late of a hne powder.^ Gold 
alloyed with iridium is not freed from it by cupellation, nor 
by quartation with (ilver. The compound was malleable; 
and did not differ much in colour from pure gold, though 
the proportion of alloy was very confiderable. If the gold 
or fdver is difTolved, the iridium is left, in the form of a 
black powder. 

The yellow alkaline folution, which I have already men- The alkaline 
tioned as containing a metallic oxide, diflinft from the former, Solution did not 
is conGdered by M. Vauquelin as a folution of the oxide 
chrome in alkali ; but 1 could not, by any ted, difeover the 
^refence of chrome. After the fuperGuous alkali had been 
neutralized by an acid, it prodiKed a pale or buff-coloured 
precipitate with a folution of lead, and not the bright yellow 
whfch is given by chrome. But, as we are indebted to the 
above diftinguidied chemid, among many other important 
difeoveries, for our knowledge of the exidence of chrome, it 
is not improbable that fome kinds of platina may contain that * 
fubdance, beddes the other bodies ufually mixed with it. 

When the alkaline folution is Grfl formed, by adding water jt eonuins the 

to the dry alkaline mafs in the crucible, a pungent and P®- 

ciiliar fmell is immediately perceived. This fmeil, as 1 after- o/miumi * 

wards 
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wards difcQvered, arifes from the extrication of a very volatile 
metallic oxide; and, as this fmell is one of its moft difiin* 
guifliing chara£lers, I (hould on that account incline to call 
the metal Ofmium, 

This oxide may beexpellcd from the alkali by any acid, and 
obtained in folution with water by diftillation. The fulphuric 
acid, being the leaft volatile, is the moft proper for this pur- , 
pofe ; but as, even of this acid, a little is liable to pafs over, 
a fecond flow diflillation is required, to obtain the oxide per- 
fectly free from it. The folution thus procured is without 
colour, has a fwectifli tafte, and the flrong fmell before men- 
tioned. Paper ftained blue with violets, was not changed 
by it to red; but, by being expofed to the vapour of it in a 
phial, the paper loft much of its blue colour, and inclined to 
gray. As a certain quantity of this oxide is extricated during 
the folution of the iridium in marine acid, that part may alfo 
be obtained by diftillation. 

Another mode by wliich the oxide of ofmium may be ob- 
tained in fmall quantity, but in a more concentrated ftate, is, 
by diftilling with nitre the original black powder procured 
from plulina. 

With a degree of heat hardly red, there fublimes into the 
neck of the retort, a fluid apparently oily, but which, on 
cooling, concretes into a foltd, colourlefs, femitranfpareiit 
mafs. This, being diflblved in water, forms a folution iimilar 
to that before deferibed. The oxide, in this concentrated 
ftate, ftains the Ikin of a daik colour, which cannot beefTaced. 
The moft flriking teft of the oxide of ofmium, is an infuflon 
of galls, which prefently produces a purple colour, becoming 
foon after of a deep vivid blue. By this means, the prefence 
of this, and of the metal firft deferibed, may be obferveck 
when the two are mixed together. The folution of iridium 
is not apparently altered by being mixed with the oxide of 
ofmium ; but, on adding an infuflon of galls, the red colour 
of the flrft is inftantly taken away, and foon after the purple 
and blue colour of the latter appears. The folution of the 
oxide of ofmiA'm with pure ammoniai becomes fomewhat 
yellow, and flighlly fo with carbonate of foda. It is not 
aflecled by pure roagnefla, nor by chalk; but with lime a 
folution is formed, of a bright yellow colour. The folution 
w'ith lime gives with galls a deep red precipitate, which 

becomes 
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becomes blue by acids. It produces no eSe& on a folutlon 
of platina or gold; but precipitates lead of a yeltowith- 
brown^ mercury of a white, and muriate of tin of a brown 
colour. ' 

The oxide of ofmium 'becomes of a dark colour with ^alcohol; 
alcohol, and after fome time, fcparales in the form of black 
films, leaving the alcohol without colour. The fame cHeft is 
produced by ether, and much more quickly. 

This Oxide appears to part with its oxygen to all the metals, — the metals, 
excepting gold and platina. Silver being kept in a folution 
of it for fome time acquires a black colour ; but does not 
entirely deprive it of fmell. Copper, tin, zinc, and phof- 
phorus, quickly produce a black or gray powder, and de- 
prive the folution of all fmell, and of the power of turning 
galls of a blue colour. This black powder, which con A (Is 
of the ofmium in a metallic (late and the oxide of the metal 
employed to precipitate it, may be dilTolvcd in nitro-mu- 
riatic acid, and then becomes blue with infufion of galls. 

If the pure oxide of ofmium, dilTolved in water, is Amalgam with 

Hiaken with mercury, it very foon lofes its fmell ; and the 

metal, combining with the mercury, forms a perfect amal- 
gam. 

Much of the mercury may be feparated by fqueezing it Pure ofmium 
through leather, which retains the amalgam of a firmer o^^them **'***"* 
confidence. The remaining mercury being diftilled off, a creury. 

powder is left, of a dark gray or blue colour, which is the gray, and 

ofniium in its pure (late. By expofing it to heat with accefs 

ot air, it evaporates, with the ufiial fmell ; but, if the oxi- oxided. 
dalion is carefully prevented, it does not ieem in any degree 
volatile. Being ful)je6led to a (Iroiig white heat, in a cavity 
made in a piece oi charcoal, it was not melted, nor did it 
■ndergo any apparent alteration. Heated in a fimilar filua- Alloys, 
lion w'ith copper and with gold, tt melted with each of Ihefe 
metals, forming alloys wliich were quite malleable. Thefe 
conTpounds were eafily dilToived in iiitro-muriatic acid^ and, 
by didillation, afforded the oxide of ofmium with the ufual 
properties. ^ 

The pure meiftl which has been previoufly lieated, does not Pure ofmium 
feem to be aded on by acids ; at ieaft I could not perceive 
any effect produced by boiling it for fome lime with nitro- with 4Juli. 
muriatic acid. By heating it in a filver cup with cauAic • 

alkali. 
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ftlkaliy it immediately combined with the alkali, and, with 
wrater, gave ^ a yellow foiution, fimilar to that from which 
it was procured. Acids expel from this folution the oxide 
of ofmium, which has the ufual fmell, and the power of 
giving to infufion of galls the blue colour before mentioned* 


VIII. 

Banarks upon certain Qhfervations of Mr. Wilkinson, 
rejpeding Gakanifln. Bjf Ra. Thickness k, Ef(j. 

To Mr. NICHOLSON. 

SIR, Wigan, Dec. 17, iSOL 

Thu remarks of Mr. Wilkinfon (which I have not had an 
earlier opportunity of attending to] on my letter of the 20th 
September, on galvanifm, are in general founded only on mif- 
conception; the confequence, probably, of a hafly perufal 
in a public room. He attributes to me an alTertion, that 
two metals are requifite to the produ6lion of galvanic pheno- 
mena i** but my words are, and particularly marked by italics, 
“ two metals, or other fuhftances and were intended to 
iignify two metals, or two other fubftances; or one metal 
and one other fubilance ; and to include even that which may 
be diflblved in the water. The experiment, therefore, of 
La Grave, with brain and mufcle, which Mr. W. adduces, 
is not an exception ; and that a fingle metal fuffices*' per- 
fectly with pure water only, he did not, 1 &ncy, with to be 
underftood. 

That copper and the other negative metals are, as I ex- 
preifed, aCted upon by the hidrogen,” I muft refer to Mr. 
W. for authority, to pages 177 and 178 of your Journal ; add 
that particularly filver (my^ words are copper, or filver) is 
rendered more brittle, to page 85 : but there cannot, furely, 
be (tronger evidence that copper has an affinity for hidrogen, 
and confequently an influence in the decompoiition of the^ 
vvater, than is ^afforded by the experiments in which hidrogen 
gas is obtained from the copper of the pile/ and oxigen gas 
from the oxidated zinc ; part of the hidrogen, and of the ox- 
igen, being prevented from uniting with, and borne away 
from the metals by the electricity. 


Mr. 
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Mr. W. iiQpates to me alfo the miftake of having ob. Obfcmtioof fg* 
that the fenfation is in proportion to the furface 
on adding,' that ** the experiments of the French philofb- * 
phers proved, that the action of galvanifm on animal Tub- 
ftances is in the ratio of the number of plates employed, and 
not the furfaces expofed/* This is another inftance of the 
inaccuracy of Mr. W.^s obfervations ; for fenfation I never 
mentioned ; nor action on animal fubfiances ; not at all confi- 
dering the intenfity, but the quantity only of the eledlric fluid 
produced ; which may not always correfpond ; for the charge 
of fmall plates being weak, although according to their fur- 
faces, the electricity meets with altnofi in furmoun table oh- 
ifructions from the interflices of the pile ; which to a flronger 
charge, from larger plates, are very trifling impediments; 
but Mr. W. thinks, himfelf, that the production of galva- 
nic phenomena is always proportionate to the degree of oxi- 
dation and mud not the quantity of metal oxidated be in 
proportion to the furface expofed to the water ? The French 
philofophers, too, have concluded (I quote Mr. W.^s own 
words, from p. 207 of your lad volume) that the effeCts of a 
galvanic battery on metallic fubdances, are in proportion to 
the furfaces of the plates employed:*^ Mud we not then fuf- 
peCl the experiments to have been imperfeCl wiiich Jed them 
to conclude, if they have fo concluded, that the eCeCls on 
animal fubdances are different ? 

Whether I fet out too hypothetically as to eleClricity 
being a modification of caloric,^^ is a quedion on which many 
of the mod celebrated men of fcience would differ from Mr. 

W. in opinion, ** Fara invemt utraque Cauffas ; yet it appears ' 

to me, that the experiment noticed by a Corrtjpondent, p, 173, 
almod determines it : ** If the gas which is produced from one 
Df the wires communicating with the pile in the water, be 
united and inflamed with the other in a jud proportion, the 
water which is common to both is reproduced, and common 
fir^m great abundance.*' Thus the eleCtric fluid, which alone 
conveys the oxigen and hidrogen from the water, equally be- 
eomes, when differently modified by combodion, for there 
is no evidence of the .prefence of fire until this point of 
time," a6tive caloric. 

But fuppofing, with Mr. W. that the eledric matter and 
caloric are perfectly diflind bodies, w« have flill the fame 

rcafon 
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.reafon to conclude that the former Js eombined with water^ 
which we have to believe tiiat it is contained hi metals: 
What (hen becomes of it when the water is decompofed^ if, 
as he imagines, the eledric, or galvanic phenomena, en* 
tirely depend upon the metal undergoing a chemical change,^^ 
I mud conlefs 1 cannot conjeflure : but, in truth, it is en« 
tirely the caufe of all the phenomena which take place : the 
quantity afforded by the ’metal, fo very fniall a portion of 
which undergoes any chemical change, mud be too trifling to 
be confidered ; for if any more than the oxidated part of the 
metal contributed, the quantity of the metal in the plale«, as 
well as the extent of its furface, would in fome degree have 
an effect ; but this, as I alledged, is not the cafe ; and, there- 
“fore, Mr, W/s fanciful conjc‘6lure, that there is as it were a 
fpring of ele^ric fluid in the metal, as a refourcc for a dip- 
ply, although very ingenious, may be regarded as a perfeft 
hypothefis — i fuppodtion unfupported by any fa6l; and as 
an indance, from his partiality for it o^i this occafion, of our 
difpodtion to overlook imperfedlions in our own pertbrmanceSf 
whild we obferve them in the works of others. 

I am. Sir, 

Your mod obedient fervant, 

RA. THICKNESSE. 


IX. 


AhfiraH of a Afeyrioir on the PoJJibility of obtaining Pnijfiate of 
Polajli free from Iron; the UnaltcrahUUy of the Prtfjjic Acid 
at hi^fi Temperatures; and the true JS'aim'e of the Combina- 
Horn oj this Acid with different Bafes^ Bp Bucholz. ” 

I 

(Concluded from p. 282, Vol. IX.} 

The SE two experiments therefore j>rove, that from four 
parts of dried blood and one of carbonate of potiidi, no more 
prudiated alkali can be obtained than from two of blood and 
one of alkali. 

Emm what has been fo far dated the author concludes, after 
varying and repeating tho experiments here detailed. 


1. That 



'MVVtlt; A€fO< 


That fear pi^ of blood toime carboiiato of pdlaft ofoSeft 
loo much, and that equal parit of Uood and carhonatoof potadiL^^ and*drii4 
are rather good proportion! for obtajning the moft pettUete^ ue i p« 
quantity of prufikted alkali. The latter proportiont 
moreover, the difadvantage, that the excefs of alkdia adU 
upon the oxide of iron of the blood as well as upon the ciu» 
ciUe, and therefore introduces new impurities. Two parts 
of blood and one of carbonate of pota(h» appear to be a 
beUer proportion for obtaining the greateft poffible quantity 
of prn&tc of potath, under like circumllancei. 

12. Alcalies deprived pf carbonic acid, are not better than It Is no sdvan- 
carbonated alkalies for the produdion of pruffiated alkalies 
by treatment with blood ; for they become reconverted into 
carbon||ted alkalies during the procefs. 

3. No pure pruffiate of potafli can be obtained, except care The formation 

be taken that the mixture of blood and alkali be neither toojf ^'*‘iJ5*** 

reouires a gn* 

much nor too little ignited. The criterion which may ferveduai heatwich. 
as a guide to the operator, is the ceflation of the flame, jfter ”^ 1 / 
a gradually increafed ignition without fufion. For if«the mafstili the fim 
be heated fuddenly fo as to effed a partial fufion, or if it be^^** 
continued after the difappearance of the flame, it will be in 
vain to look for pure pruffiated alkali. 

4. The high colour of pruffiated alkalis is not always owing When the high 

to the prefence of iron, but more frequently to a Sfct from 

quantity of charcoal. This impurity is not capable of yielding coil, it does mt 
refults that could mifiead the chemical enquirer in the appU-P*^“®® fallacy, 
cation of this re-agent. 

5. The quantity o£ water employed for the lixiviation oFVery little water 
pruffiated alkali from the ignited mafs, fliould be as fmall as 

poffible, and heat ihould be avoided as mueiKas poffible. For ed. 
if jiruffiated alkalis be heated in contad with wateri part of 
the p?uffic acid is liberated, ammonia is produced, and car- 
bonate of potafli formed* 

6. Acetic acid cannot be employed for removing the ad- Acetic scld can- 

mixture of carbonate pf potafli from pruffiated alkalis; for Ih«SJe*oirti»iv- 
energy of the'i^aity of pruffic acid is lefs than the energy oftiundant pouflu 
the affinity o^i^l|aiiiG acid to potafli 1 the union of the pruSc * 

acid and potafli is therefore demolHhed, in preference to that 

of the carbonate of potafli. 


VoL. X. — ^Januaxy^ 1805. 
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On nnewMelaltJbtmi^mCrnde Flatinn, By William Hvde 
W oLLASTow; Dm Fm Sm From the PhUoJbphicul 'Df^anfi 
eteUons, 

Notwithstanding i wu «war« that m. DefcotSa 

Imd aiibribed the red colour of certain preeipAtad^ and Uftl of 
platina>,to the prefence of a new metal; and ahhoagh If r. 
Tennant had obligingly communicated to me ins difootitery of 
the fame fubftancey as well as of a fecond new metab in the 
ihining powder that remains undidblved from the ore of platina ; 
yet I was led to feppofe that the more foluble parts of this mi- 
neral might be deferving of further examtnationi as 1^ fluid 
which remains after the precipilatioti of platina by fal ammo- 
niac, prefents appearances which 1 could not aferibe to either 
of thofe bodies, or to any other known fubflance. 

inquifies having terminated more fuccersfolly than I had 
exp^ed, 1 defign in theprefent Memoir to prove the exillence^ 
and to examine the properties, of another metal, hitherto un- 
known, which may not improperly be diflinguiflied by the name 
of Rhodium, from the rofe-colour of a dilute fblution of the 
falts containing it. 

I (hall alfo take the fmne opportunity of flating the refult of 
various experimenU, which have convinced me# that the me- 
tallic fubflance which^ was lafl year offered for fale by the name 
of Palladium, is contained (though in very ftnall proportion) 
in the ore of platina. 

The colour of the felution that remains after the precipitation 
of platina, varies, not only according to its flate of dilution# but 
alfo aocording to the ftrength and proportions of the nitric apd 
muriatic acids employed. , This colour, though principally 
owing to tiie quantity of iron contained in ft# arifesalfo in part 
fromfk ftnall quantity of the ammoniaco-muriate of pktina, that 
neceftari^^mainsdiflblved# and froip other metals contained 
ip dill fmalier proportions. 

(A. K) To recover tlm remaining piatiaai pa well as to fe- 
parato th^e other metals that are from tlie iron, 1 have 

in feme experiments employed zincy i» 0 «thers iron# for their 
precipitation. The former appears , preferable; but# when the 
latter has been ufed, the precipilate ^ay immediately be freed 

from 
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iftom t&e iron thaiidnem (0 it, by mniiatie aoM^ wMMt tbe 
bft of any of flbro itaetab rrbich are at prefiknff liM ibiyeS of 
btiquiry. , * ' 

(A 2.) Having in one inftanee diffluhred'faeh tff W aip B iii t a tn The finne rea- 
lUnro-muriatic acid, and precipitated tbe platioa 

niac, 1 fuffered the remaining fluid to evaporate without healf byrponuneous 
and obtained a mixture of varteoi cryftile, ve|y diffitrent firOm 
eadY other in ferm and coloar. From dtefe, 1 feledled br exa-^ 
fninatfOn fome that were of a deep redqoloiir, pardy in thin 
p>laEtee>adhering to the (ides of the vefbl, and partly in the form 
of fquare prifrns having a rectangular termination. 

(A 3.) A portion of thefe crytials being heated ioa fmall Deep red ci^tlilv 
tube, yielded (al ammoniac by fubUmation, and left 9 Wack 
reflduum, which, by greater heat, acquired a brilliant metallic 
whitenefs, but couid not be fi^ed under thei)lQwpfpe. Having ...not pletine. 
obtained this fubflance from a difbnCtly ciylialKzt^ (hit, I Waa 
inclined to conflder it, as a (impfe metal; and, as f found it to 
be wholly inlbiuble in nitro- muriatic acidj I judgedMt not to be 
platina. 

(A 4.) The ctyftals aWb, in(tcad of being nearly infoluble, The cryftafi 
like theammoniaco-muriateof platina, were diflblved in afmall^®^ 
quantity of water, and gave a rofe-coloured folulion. Upon which makes the, 
mixing this with a folution of platina, the ammonia was tranf- platma 
ferred by fupertor afiinity to the latter, forming an ammoniaco* 
muriate of platina; and the precipitate was of a yellow colour* 
Confequentty, the metal contained in tbe fait, was neither 
platina nor that which gives the red colour to the falts of 
platina. 

It would be ufelefs to detail my (irfl unfuccefsrul experiments The bile wai tht 
made upon the properties of this metal, in hopes of difcoveritig 
means by which its reparation from platina might be e(reded;tked. 

1 fliall therefore conflne myfelf to the following procefs, which 
appears to be the moft dire6l for procuring rhodium in a date 
of purity. In the fame procefs alfo palladium is obtained, fo 
astoa^rda prefomption, that it is rather a iiatiiral Ample 
body, thaa^ny artificial compound. 

(B r.) SntecTithe platloa be procured in this coimtry, Pmeeb £rohu 
generally contaifm ftiialLfcateuef gold ioteHnixed, as well 
portion of the luercucy whic^ for the the pUttm* 

feparaUon of tlie piati^h^i^ experimcms,»'<kii. , 

after being by mechanklii means fteed^ ai.fiir as pol^lq, froxiiv. 

D2 all » 
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all vifiWe UmparlUes^ was expoM^io a red hest^ far 4})f jKpr* 
pofeiif expelling the mercury. It yras then dtgefied foE iome 
time in a fmall quantity of dilute nitro-muriatic acid« and fre- 
quently (baJten» till the whole of the gold was diflblvedi tog e- 
ther with any impurities that might fuperficially adhere to thf 
grains of plaiina. 

Solution of the (B 2.) Of thq ore thus prepared^ nearly 2| ounces were then 

adi”*^***^**"™'**^'^*^®^^^ nitro-niuriatic acid/ (diluted for the ptirpoCh of 
leaving as much as poflible of the fliining powderi) and the 
whole fuffered to remain in a moderate fand heat« till com- 
pletely faturated* 

Pfceipitstion by ^0 ^ portion of this folution was then taken for 

Id smm. analyfis^ as correfponded to 1000 grains of the prepared ore. 

An ounce of fal ammoniac was next dilTolved in hot water, 
and ufed for the precipitation of the platina. The precipitate 
obtained was of a yellow colour, and, upon being heated, 
yielded 815 grains of purified platina* 

KefiEusi liquor (B 4.) The water ufed for wafiiing this precipitate having 
pncipiuted by been added to the folution poured from it, a piece of clean zinc 
was immerfed in it, and fuffered to remain, till there appeared to 
be no further a6lion upon the zinc. The iron contained in the 
ore (to the amount of 14 or 15 per ccrU.J remained in folution. 
The other metals had fubfided, in the form of a black powder, 
which 1 efiimated between 40 and 50 grains; but, as there was 
no occafion to weigh it with accuracy, 1 thought it better not to 
dry this precipitate, for, if it be heated, the rhodium is in dan- 
ger of being rendered infoluble. 

Precipitate de- (B 5.3 As 1 had pieviouily afcertained that (his precipitate 
sudicidby nittic cpnlain plaiina, rhodium, the fubfiance called palladium, 

■cid; and then copper, aqd lead, the two laft metals were firfl difiblved in 
p!^^i?n^tro^. dilute nitric acid, aided by a gentle heat. The remainder, 
acid. after being waftied, was dagefled in dilute nitro-muriatic acid, 

which difiblved the greater part, but left as much as 4| grains 
undifTolved.'^ * 

Addition of To the folution were added 20 grains of common 

fait ; and, when the whole had liecn evaporated to drynefs with 

mu^tlt of a very gentle hbat, the refiduum, which ! from prior 
platlna, pal'adU 

um aadrhodiu^ • It was prefumed that this itfidnusn eonfilled^rincipally of the 
AltrfVh^ium ^ Tcnmmtlridimttllmt^^ Wat aceidetitally 

was waihed off mifiaid, and was not ez»iiiilMl» it hb^ idfo contain a portion of 
akoM* rhodium. 

expeii- 



iitt^ iiftit Wtriro ih piatika. 

€X)Mrifli«ntii cx^nifift dT the roda*miiH«te* t>f pl^ma« of 
panadiam, and of rliodluWt waOied repeatedly mth' fiaall 
quantities of alcohol, till it came o£F nearly colonrlefs. There 
reeiained a triple fait of rhodium^ which by thefe meahs is freed 
alt metallic impurities. 

(C J.) This falty having been ditfolved in a fmall quantity of in 

hot water, and let to ftand 12 hours, formed rhomboidal cryf- 
tals, of which the acute angle was about 75^. 

(C 2.) It was then again diflTolved in water, and dtvidod into One half pit- 
IWo equal portions. Of thefe, one was decompofed by a piece **"®* 
of zinc, and the other examined by the following re-agents. 

(C .3.) Sal ammoniac occationed no precipitation ; but, when The other half 
a foliition of platina was added to the mixture, a precipitate wa:^ ^^tinarfut^ not 
immediately formed, and the colour of this precipitate wasyel-by fal-amm. 
low ; which again proves that the metal contained in this fait, 
is neither platina itfelf nor that which gives the red colour to 
its precipitates. • 

(C 4>.) Prufliale of potaih occafioned no precipitation, as it”''' hy pr. pot* 
would have done, if tJie folotion had contained palladium. * ’ 

(C 5.) Hydro-fulphuretof ammonia, which would have pre- nor by hydro- 
cipitated either platina or palladium, caufed no precipitation of ^ 
this metal. 

(C 6.) The carbonates of potaih, of foda, or of ammonia, nor by c^rb. al* 
occafioned no precipitation ; but the pure a 

yellow oxide, foluble by excefs of alkali, and alfo foluble in in acids, 
every acid that I have tried. 

(D 1 .) The folution of this oxide in murialic acid, upon being Muriatic folutioa 
evaporated, did not crydlallize ; the refiduum was (bluble in *’hodiunu 
alcohol, and of a rofe colour. Sal ammoniac, nitre, or common 
fait, caufed no precipitation from the muriatic folution; but 
^formed triple falts, which were not foluble in alcohol. 

(D 2.) The folution in nitric acid alfo did not cryflallize. A Nitric folution. 
drop of this folution, being placed upon pure filver, occafioned 
nof flain. On tlie Airface of mercury a metallic film was preci- 
pitated, but did not appear to amalgamate. The metal was 
alfo predpitated by copper and other metals, /i3 might be pre- ^ 
fumed, fromhtlte ofual order of their affinities for acids. 

(£ 1 .} The piecipiiuta obtained by zinc (C 2.) from the re- Thepiedp. ba* 
matning half of Uie in Ibe form of a bhok powder, 

weighing, when fooroqgMy 4ri^ i^Iy 2 grains^ correfpond- ^ I 
ing to about 4 grains in the 1000 of ore difiblved. » 

(E2.) 
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limply heatedy 


fdiible with 
prfenic and with 
ifulphur. 
Metallic button 
aot malkable> 


unitea with 
metals except 
mercury* 


Gold and rhodi- 
um 4 to i. 


Gold and rho- 
dium 6 to one* 

It does not dif- 
coiouy gold* 


(£ 2 .) ,Wiieii e 3 ifo &4 tolieat^ IlitlF 
with borax, k acquired a white izMe^flie tugfe, tiiit appbtfrwl 
iofufible by any degree of heM* 

(£3.) With aifenic, however, it is, likeplatina, rendered 
fufible ; and, like palladium, it may alfo be fufed by means bf^ 
fulphar* The arfenic, er ihefillphur, roay .be expelled from 
it by a continuance of the heat ; but the metallic button (d>* 
tained does not become malleable, as either of the preceding 
metals would be rendered by fimilar treatment. 

(C 4.) It unites readily with all metals tliat have been tried, 
excepting mercury ; and, with gold or filver it forms very mal« 
leable alloys, that are not oxidated by a high degree of heat^ 
but become incrufted with a black oxide, when very (lowly 
cooled. 

(E 5.] When 4 parts of gold are united with one of rltodium, 
although the alloy may alTuroe a rounded form under tfie 
blowpipe, yet it feems to be more in the (late of an amalgam 
than ill complete fufion. 

(E 6.) When fix parts of gold are alloyed with one of rho-r 
dium, the compound may be perfedly fufed, but requires far 
more heat than fine gold. There is no circumfiance in which 
rhodium differs more from platina, than in the colour of this 
alloy, which might be taken for fine gold, by any one who is 
not very much accuflomed todiferiminate the difierent qualities 
of gold. On the contrary, the colour of an alloy containing 
the fame proportion of platina, differs but little from that of 
platina. This was originally obferved by Dr. Lewis. The 
colopr was dill fo dull and pale, that the compound (five 
to one) could fcarcely be judged by the eye to contain any 

1 find that palladium refembles platina, in this property of 
dellroying the colour of a large quantity of gold. When one 
part of palladium is united to fix of gold, the alloy is nearly 
white. 


SdluUllty of (E 7 .) When I endeavoured to diffolve an alloy of filver or 
rhqdium, the rhodium remained untouched by 
either nitric or nitro-muriatic adds ; and, wbeO rhodium had 
been fufed with ar^icor with fulphur^orwlH^ merely heated 
by itfehV it was reduced tq the fiH^of in&lufaility* But, 


* ^ewb*t Philofophiqd Gomin^e of Arts, p. 

^’hen 
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wheQ <BM dnwUuiD ImkI bateq/ttfed )iri|h |i>(e9.4^t o( 

olT.leM# isadi of tMo tllo^ €^14 bo 
di^Ived completely^ in amfxture of two parts, by lOtOaftMTe# 
of puriatic a^* with one of lutric. With tlie two fimer 
metaU, the propoKion of, the aqids to each other feemod not to 
bo of fomach confequence as with-leadj but the lead appeared 
on another account preferablo/as it was moll eaftly feparated^ 
when reduced to an infoluble muriate by evaporation. The 
muriate of rhodium had then the fame colour and properties, 
as when formed from the yellow oxide precipitated from Ihe 
original fall. (D 1.) 

(E 8.) The fpecific gravity of rhodium, as far as could be Specific gravity, 
afcertained by trial on fo fmall quantities, feemed to exceed 1 1 . 

Tiiat of an alloy conhUing of one part rhodium and about two 
parts lead, was 1 1,3 ; which isXo nearly that of lead itfelF, that 
each part of this compound may be confidered as having about 
the fame fpecific gravity, 

F. As it was expend'd that the alcohol employed for wafliing The alcohol 
the fall of rhodium (B 6.) would contain the foda-muriaies of ‘!*u 

platina and of palladium, the platina was nrit precipitated by examined, 
fal ammoniac. This precipitate was of a deep red colour; and, 
when it had been heated, to expel the fal ammoniac, the pla» 
tina wiiich remained was of a dark gray colour. 

(G 1.) To the remaining folution, after it had been diluted 
to prevent any further precipitation of platina, 1 added pruf- 
fiatcof potafli, which inllantly occationed a very copious preci* 
pitate, of a deep orange-colour at lirll,'butchanging afterwards 
to a dirty bottle-green, which I aferibed to iron contained in 
the prutSale. 

(G2.) This precipitate, when dry, weighed 12| grains. 

After it had been heated, it left a metallic refiduum, in fmall 
grains, of a gray colour, weighif^ nearly 7 grains. A fmall 
portion of it being heated with borax, communicated a dark 
brovj^n colour to the borax, as from iron, and acqaiced a bright 
metallic luilre, but could not be fufed under the blowpipe. 

With fulpbur, however, it fufed immediately into a round 
globule, whicbi by floating upon mercury, appeared of lefs 
ipecific gravity that metal. 

(G S.) Tlie wtHiife quantity was tbeii treated in the fame 
manner, and purified by oupellation sHth borak, till it cooled 
w‘th a bright furface. From the globule the fulphur was ex- 
pelled. 
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peUed^ by expofure to 4he ^uiretftify lof ^ Mid H 
came fpongy mad oMdMe; weeing ia Alefiito PMy itely' 
live grains. 

Mladinm* ^0 A portion of this metal was dtMved fo llrong nitrous 

acid, was precipitated by green fulpiiate of iron, and in other 
refpe^s, poffeifed all the properties afcribed to the palladiofn 
offered for fale, in the print^ paper that accompanied it, as 
Well as others fince noticH^ by Mr. Chenevtx. 

Its differences (G o.) In its precipitation by pruffiate, it diffibrs moft effhn- 
from plstins. tially from platina ^ and confeqoently is by no means difficult 
to be diftinguilhedf or feparated from it. 

(G. 6.) The action of muriate of tin upon the fohitions of 
thefe metals, is alfo totally different. A dilute folution of pla« 
tina^ is thereby changed from a pale yellow to a tranfparent 
blood-red. A folution of palladium, oa the contrary, ufually 
becomes opaque, by the formation of a brown or black preci- 
pitate; but, if mixed in fuch proportion as to remain tranfpa- 
rent, it changes to a beautiful emerald -green. 

(G 7.) In the formation of triple falls with the alkalis, as 
obferved by Mr. Chenevix, palladium may be fatd to refemble 
platina; but the falts thus formed are far more foluble than 
the correfponding falts of platina, and differ entirely, in the 
colour and form of the cryffals. 

(G8.) The foda-muriate of palladium is a deliquefcent 
fait ; that of platinaf on the contrary, forms permanent cry- 
ffals. 

(G9.) The triple falts of platina, with either muriate of 
ammonia or of potaffi, form o£taedral cryffals of a yellow 
colour, that are very fparingly foluble in water. The corre- 
fponding falts of palladium, likewife refemble each other in 
every refped. The cryffals are very foluble in water, but in- 
folublein alcohol; tbeir form is that of a fbur-fided prifm, and 
they each prefent a curious contraff of colour, that certainly is 
not obfervable in any known fait of platina. 

Curious contraff l^-) Although the folution is of a deep red, the cryffalg 
of colour in the are of a bright green when viewed tranfverfeiy. In tbedireo 
dluin^ ******* tion of their ai^s, however, the colour is the fame as that q 
the folution; but, on account of its extreme intenfity, it is witfc 
difficulty diffinguifiied in fragments that exceed of an inci 
4P thicimefs. One confequeiice of this cQioqr is neyerthales 

yay 
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veryobfervtbl0^,iiMiiidy« tImMn viewing an j ci^ ftal obii^jsely^ 

It appeara.^ ti that iarifea from ta mixtare of Uie 

red and green.^ 

The cbaraders offMdkdfam that have been enumerated, un- Probability that 
dnubtedly belong toDone of the fimple fabftances that we are 
acquainted with ; and no experiment that I have made, has infer that palla* 
tended to cophrm the fufpicion of its being a compound, con- pou?d!*ffoSju 
fitting of any known ingredients. The ^experiments above being found ia 
related, (how evidently, that the ore of platina contains a very 
fmall quantity of palladium ; and it is not unlikely (hat this may 
have been a contliluent part of fome of the compounds obtained 
by Mr. Chenevix, and may have mifled him, by fome pro- 
perties which he would confequently obferve, into the fuppo- 
fition that he had forpied palladium. 

It is not, however, without having repeatedly endeavoured to All attempts of 
imitate his experiments, that I have ventured to ditfent from author to 
luch authority. 1 made many attempts to unite pure platina unluccefifu]. 
with mercury, by folutibn, and by amalgamation; but without 
fuccefs, in any one infiance. 

From a folutron of platina, carefully neutralized, as Mr. 

Chenevix directs, with red oxide of mercury, and mixed with 
a folution of green fulphatc of irofi, I indeed obtained fuch a 

* The change of colour above deferibed, though certainly un- 
common, is ncverthelefs not peculiar to the iklts of pallaiiium, but 
may be feen alfo in fome kinds of tourmalin. Among thofe which 
come to us from Ceylon, fome are tranfparent; and one variety is 
of a deep red in the direction of its axis, but of a yellowifh green 
when viewed tranfverrdy. There is alfo a correrponding, but op- 
pofite contraft of colours, that has been obferved by MuJJer, and 
deferibed by Bergmann, in fome of the Tyrolefe tourmalins. The 
general afpe^l of thefe ftones is black, and apparently opaque. — 

Some, however, of which the fracture is vitreous, are found to 
tranfmit a yellowi(h-red light when viewed traufverfejy, but in the 
dircAion of their axis the colour is a dull bottle green. 

In each of thefe tourmalins, as well as in the falls of palladium, 

|he colour in the direAion of the axis ia at lead ten times more intenfe 
than in the tranfverfe dire6lion. A thin lamina, cpt from the end 
of a Tyrolefe touAnalin for thispurpofe, U-anfinittednovifible light, 
till it was reduced to of an Inch ia (hlcknefs ; and, when lefs 
than of an inch,, it waarnot more tranfpamnt than another 
portion of the fame cry^al leen tn^erftly^ ^ of an inch in thick- 
nefs. 

precipitate 
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precipitate of me(aIltodakesa8be.iiercribe8; h»i$ upon exafou 
nation of tbefe flakes^ Ihey yteMed n»mrory by difiillalion ; and 
the remainder confided of platina combined with a portion of 
iron, but had not any properties which 1 could fuppofe owing 
to the prefence of palladitim. 

Other Ms tnd Upon comparing thefpeciiic gravity of this fubftance^ which 
Sbow7ha?palJa^ tobe,atmoft, 11,8, with (hat of mercury or 4>f platina, 

dijR] it a iimple 1 was always itrongly inclined to doubt the poflibiUty of its 
being compofed of tbefe metals. I could recollect no one 
indance, in which the fpecific gravity of any coni)>ound is lefs 
than that of its lighted ingredient, and could not, withoutcare* 
ful examination, admit the Tuppofition, that mercury could be 
rendered lighter by intimate union with platina. It now ap« 
pears fully contirmed that this perfuadon, anfing from uniform 
experience, was well founded ; for, if we coniider the diffi- 
culty of producing even an imperfe^ imitation of palladium, 
the failure of all attempts to refolve it into any known metals, 
the facility of feparating it from any mixed fblution of thofe 
which it has been fuppofed to contain, as well as the number 
and didin61n€fs of its charafleridic properties, I think we muH 
dafs it with thofe bodies which we have mod reafon to cond- 
der as fimple metals. 


XI. 

Letter from Mr, Wm. Wilson, exhibiting the Elediricity of 
Metals, without the Help of any condenfing Infirument. 

To Mr. NICHOLSON. 

SIR, 

, London, Dec. 22| 1806. 

Whether the W^HEN I fet about making the compound ele6lrical con- 
meu[s*^al5nc be deferibed in my lad letter to you, I intended to repeat 

the elFea of the the experiments of Cavallo relating to the electricity obtained 
by the contadt of metals related in the third volume of the 
eparaiion, edition*of his Treatife of Eledricity^ but before the 

indrument was finithedi I was induced (by fome experiments 
I had made relative to the c,aufe of excitation of dedricity) to 
, fuppofe that it is not the contaS of the inelals that is the caufe 

of the appearance ofeleCirical figns, but the reparation of the 

metals 
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metals from cf^ta£t» And this fnpfiolition was very much 
llrengihcned, i^beiii upon examlnitioni I found that all who 
have made experiments on this fabjed have feparaled the metals 
from contad before they examined them as to their eledricity. 

\ If .lie contad of the two metals be the caufe of the eledrJ- — determiniU* 
cal figns, the whole effed that one metal can have on another 
will be communicated at the time of contad, however few the 
points are (hat form the contad, becaufe both the metals being 
condudors of cledricity, if one poflTefled a greater proportion 
of it than the other, a part will be communicated to the other 
at the time of contad, to form an equilibrium, and this will 
be done as well by a few points of contad as by a great many. 

But if it is the feparating them from contad, that is the caufe 
of the elcdrical fign, the more extenfive the contad is the 
more powerful will the (igns be when the metals are feparated. 

To put this to the led of experiment, I pierced a piece of Slew of one 
thin (heet copper full of fmall holes, juft big -enough to permit ^'JjJ^JJ**,^**** 
to pafs through them two or three particles of filings of another 
metal at a time, fo that almoft every particle muft be in con- 
tad with the copper before it can pafs through, and confe- 
quently the furface of contad be very great with a corapara^ 

(ively fmall quantity of metal. 

1 fifted through this copper (ieve fome filings of zinc into a 
tin plate laid on the cap of a gold leaf eledrometcr, and the 
gold leaves diverged near an inch with pofitivc cledricity, 
when about half an ounce of filings had been lifted into it* 

Encouraged by this ftriking rcfult, 1 procured fieves and filings 
of different metals. The rcfults of the trials with them are 
contained in the following table ; where P ftands for pofitive 
eledricity, N for negative, and when it was not ftrong enough 
to offed the eledrometer, that is denoted by O. 


Filings of 

Sifted through 

V 

Effed. 


Copper 

O. 


Tin 

N. ftrong 

Copper 

Silver , 

o. 


Zme 

P. ftrong 


Lead 

N. 


Copper 

P. ftrong 


Tin 

O. 

Zinc 

Silver 

P. ftrong 


Zinc 

P. exceeding weak 


Lead 

O. 


Refults of €X« 
periments* 
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RefaHs of 

peiiokeiiU. 


FillofS of 

$ift«d difOBih 

Effea. 

Tin 

Copper 

Tin 

Silver 

Zinc 

Lead 

P. rather ftrong 

N. very weak 

P. ilrong 

N. weak 

Silver 

Copper 

Tin 

Silver 

Zinc 

O. 

N. weak 

O. 

N.‘. ^ 

Steel 

Copper 

Tin 

Silver 

Zinc 

Lead 

N. very ftrong 

N. ditto 

N. ditto 

N. ditto 

N. ditto 

Lead 

Copper 

Tin 

Silver 

Zinc 

Lead 

P. very ilrong 

O. 

P. very ilron^ 

P. not quite fo ftrong 

O. 

Brafs 

Copper 

Tin ' 

Silver 

Zinc 

Lead 

P. very ftrong 

N. flrong 

P. ftrong 

o. 

N. 

Bifmuth 

Copper 

Tin 

Silver 

Zinc 

Lead 

P. exceeding flrong 

O. 

P. exceeding (Irong 

P. flrong 

N. 

•i 

Antimony 

Copper • 
Tin 

Silver 

Zinc 

Lead 

O. 

N. very flrong 

P. flrong 

N. flrong 

N, very Srong 

Nikel 

Copper 

Tin 
^ Silver 

Zinc 

Lead 

P. exceeding flrong 

O. 

P. flrong 

O. 

P. 


In 
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^ • Mit. HATCHfiTT’s fiXFS&I|f SKTS, &C. 

In alt the above experiments there was a large furiaoe of 
conta€l» ar.<l the ele^rometer only wat nfed; bat in thofe made 
by Cavallo and others who had a very fmall furface of contad, 
eledrical (jgns could not be made to appear without the help 
of doublers, multipliers, 8cc. of electricity • I therefore think 
\here can be no doubt about the feparating the metals from con- 
tact being the caufe of their appearing. 

If you think the above worthy of a place in your Phliofoplii- 
cal urnal, you will very much oblige me by inferting it therein. 
I am your obedient humble fervant, 

WM. WILSON. 
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Analytical Experiments and Ohfirvations on Lac. Charles 

Hatchett, Efq. Partly abridged, hut chiejlq exira&ed 

from the Philofophical IjranJhEtions for 1804, W. N. 

It is uncertain at what time the ufeful fuhftance, called Lac, ufes of lac pc. 

firft became known in Europe. It has long been ufed by the 

Indians for purpoles different from thofe to which it is applied 

in Europe. In particular as Mr. Wilkins informed the author. Aqueous folutloa 

they diflblve ftiell lac in water by the addition of a little borax, ^ affords 

ana by adding lamp black or ivory black, they obtain an ink, 

not eafily affeCled by water, when dry. 

The natural hiftory of lac, which is the nidus of the coccus Natural hiffory 
or chermes lacca, has been derailed by Mr. Kerr, Mr. Saun- 
ders, and Dr. Roxburgh, in t/ie Philofophical TranfaClions 
for 17SI, 1789, and 1791. It is didinguilhed into four kinds. Four kindb. 
oi which, however, only three are commonly known in com- 
mence, viz. (lick lac, feed lac, and (hell lac; the difference 
of thei'e, with that of the fourth, espied lump lac, is as follows. 

1. Stick lac, is the fubflance or comb in its natural fiatei i. Stick lac. 
incrufling fmall branches or twigs. 

2. Seed lac, is faid to be only the above, which has been fe- a. Seed iac« 
parated from the twigs, and reduced into fmall frajgnients; but 

1 (ufpedl it to have undergone fome other pirocefs, as I have 
found the bed fpecimens to be very confiderably deprived of 
the colouring matter.* 

3. Lump 

* Mr. Wilkins informs me that the erude lac, as it is taken from 
the branches and twigs of the trees, is ufually deprived of its colour. 
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Lump lac* 
4* Shell lic» 


How made from 
the cells* 


IS moAly 
hfidfrom Alfaiii* 

Beft quality* 


Chemifts hiYe 
paid little attan* 
^ontolac* 


S^Xittfsplac^ is from feed lti|iEiefied by fire, and 

formed into cakes. Attd^ 

, 4. Shell lac« accordli^ io Mr* Kerr and Mr. Saunders, fe 
prepared from the c^lis, liqotliedy drained, and ferated into 
thin (ranrparenl lanaiam, hi the following manner. 

** Separate the cells fpom the branches ; break them into (mail 
** pieces ; throw them int^ a tab of water, for one day ; walh 
off the red water; dry the cells, and with them fill a cylindrU 
V cal tube of cotton cloth, two feet tong, and one or two inches 
in diameter; tie both ends, and turn the bag above a cf»rcoat 
hre; as the lac liquefies, Iwid the bag, and, when a fuflicient 
** quantity has tranfuded the pores of the cloth, lay it upon a 
fmootli junk of the plantain tree, and with a (irip of the plan- 
tain leaf draw it into a thin lamella ; take it off while flexible, 
** for in a minute it will be hard and brittle.*’ f 

The degree of preffure on the plantain tree, regulates (ac- 
cording to Mr. Saunders) the ihicknefe of the (hell ; and the 
quality of the bag determines its finenefs and tranfparency. 

Adam furniihes thegt'eaieft quantity of the whole of the Jac 
now in ufe. X 

Mr. Kerr (fpeaking of fiick lac) obferves, that the bed lac 
is of a deep red colour ; for, if it is pale and pierced at the top, 
the value is diminidied, becaufe the uifeQs have left their cells, 
and confequently tliefecan be of no ufe as a dye or colour, but 
probably may be belter for varnilhes. 

The feed iae W'hich I have examined,, contained but little of 
the colouring matter, and appeared (aal ha^^e already cbferved) 
to have undergone fome procefs of puriHcaiioa ; bttt, of all the 
varieties, Ibell lac contains the lead of the tinging fobdance, as 
may well be expp^ed, when the mode of preparing, it is con- 
(idered* t 

It is remarkable, that although lac has been known, and im- 
'ported into Europe, during fo knig a time that the date cannot 
now be afcerlatned, yet it has btil little attra6ed the attention 
of. chemids. 

ing matter by*bailing,. having been previoufly reduced, by pounding 
into fmall fragments. In Bengal, the fdk dyen are the people wbo 
thus produce what we call the feed lac, which they do for ttis fake . 
of the colour. 

t Phil. Trans. 1781, p. 378. 
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J Phil* Tranf. 1789* 109. 
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^ The firft 'ehemiil of eminence who mentions and the Only Espedment# of 
one who has fubjedted it to any thing ftke a regular ekatninatlon, 
is the younger Geolfroyi whofe Pap^ is publifhed in the MSm^ 
iic I' Acad, de Paris for the year J7 1 4.* In this Paper^ Mr. 

C'coffioy Teems to have been chiefly induced to examine it on 
account of its tinging Tubftance; but he neverthelefs has not 
negleded the fubflance which conliitutes the cells. This he 
coniiders to be a fort of wax, very diflin£t from the nature of 
gum or refill. But it is to be obferved, that be formed this 
opinion, not To much upon the refults of chemical experiments, 
as upon the cellular conflruftion obferved in (he flick lac# 
wliich, as he jufliy remarks, demonflrates it to be formed by 
infe61s, after the manner that the honeycomb is formed by bees ; 
and that k is not therefore, as fome have fuppofed, a gum or 
refill# which has exuded from vegetables (imply pundtured by 
infefls.f 

Geotfroy and Lentcr^ obtained from lac, by diflil1ation,«.andLemery. 
fome acid liquor, and a biityraceous fubflance. Moreover, 

Geoffroy obferves, that when flick lac was thus treated, feme 
ammonia was alfo obtained, but not when feed lac was em- 
ployed. 

He alfo mentions another fort of lac, brought from Mada- Another lac 
gafear, and called by the natives Liuin^hiific, This fubflance, ^*havc bcelTthc 
he fays, is fcarcely to be diflinguiihed from bees-wax, which itpe.iaof China* 
much refembles in colour and odour; and that it is produced by 
a grayifh infefl, much larger than the chermes lacca. It is evi- 
dent however, from GeofFroy^s deferiptbn, that this fubfiance 
is very different from the common lac; and there can be little 
doubt# but that it is the fame as that which was, a few yeara 
ago, examined by Dr. Pearfon, under the name of white lac, 
a (^bflance refembling the Pd-la of the Chinefe. { 

Geoffroy (as I have flated) confidered lac as a fort of wax. Notions of che- 
and fince his time it has fcarcely, if at all# been fubjedied to conesrnini 

* Obfervatiofis fur la Gommo Lacque# et fur les autres Matierea 
animales qui fourniffent la Teinture ^ Pouqire. Par. M. Geoffroy 
le jeune. JIf/za. 1714. p 121. • • 

t Mr. Kerr obferves# that as a red fubftance is obtained by inci* 

(ion from the plafo tree# very analogous to lac# it is probable# . that 
the infedts have little trouble in aaimalizing the Tap of theie trees# in 
the formation of their cells. Phil. Trans. 17fll# p, 377. * 

t Phil. Trans. 1724# p, 383. 
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clinical examination $ it U not therefore furpriling^ that the 
opinions of cliemifls coViceraing it have been various. Chaptal 
adopts the opinion of Geoffroy, and calls it a kind of wax ; * 
but Grenrf and Fourcruy } regard it as a true refin. 

$ I- 

Chemical Experiments on Lac» Its Habitudes with Solvents, 
Water ezi rafts >• Water digefled upon powdered (lick lac becomes of a 
the colour from deep crimfon colour, and takes up about 10 per cent. Seed 
lac gives out no more than or 3 per cent, and (liell lac only 
\ per cent, by (iinilar treatment. 

iUcehol dlflblves 2. Alcohol dilfolves mm^h of the lac, taking up refin in a 

^ei^n, which folution if cold; but if heated, thefolution is turbid and 
IS a lirao part. 

fcarcely to be rendered tranfparent, either by repofe or fil- 
tration. 

' The refin is obtained either by evaporating the folution or 

by pouring it into water acidulated with muriatic or acetic acid. 
The refin which is thus precipitated may be feparated by the 
filter. It amounts to 67 or 68 per cent, in (lick lac, and to 
88 in the feed lac. Shell laMontains 81 per cent, befides 10 
per cent, which is defended from the fpirit, and cannot be fe- 
parated but by fubfequent operation. The refin is lefs brittle 
than other refin. 

TegetaUe When the (licH lac was in fmall fragments only, (hefe after 

flucen. the firfl reparation of the refin, retained their figure ancT were 

more bulky, porous, and elafiic. The elafiicity was defiroyed 
by boiling water, and the matter itfelf proved to be of the na- 
ture of vegetable gluten. 

Ether a(Fea$ iac Sulphuric ether aAs lefs powerfully on lac than alcohol 
very liccle. does. ICconfiderably foftens the lac; but produces little other 
effefl. ^ 

Sulphuric acid 4. Concentrated fulphuric acid firfi afis on the colouriDg 
cherts it into a (hort dfgeftion on the fand bath, the fluid 

adls on the whole mafs, and becomes firft reddifii brown, and 
afterwards black, fulphureous acid gas being evolved, and the 
chief part of the lac being at length feparated in a (late retem- 
bling coal. ® ^ ' 

* ChaptaKs Elements ; Engli/h edition. Vol. 111. p. 387* 
t Principles of modem Chemiftry. Vol. T. p. 388. 

I Sjiftim des Cemisijimcei ebimiqm. Tome V. p. 624. 


Nitric 



AftD O0SERVATIOKS OK LAC.^ 


d, acid ap^ed to lac emits nitrous gas at fell, and Witric^acUfy^ 

caufes the lac to tWeit niuch at the^lame time that it ODiiverCf it ^e*df£!vn te. 


into a deep opake yellow brittle fubflance, which by a 1 
of nitric acid, and continuance of the digeftion for 48 hours, 
ii ditfolved. The folution however is turbid, and when pouWsd The foludim is 
into a large quantity of difiilled water, depofits fome ycHow-^iuof 
idi floGCuIi, which, being colleSed, are found to be a fort ofa w». 
wax. 

The ditrated liquor is of a bright golden yellow ; and, when The filtwed 
falurated by ammonia, changes to orange colour, but does not cootslnt 
yield any precipitate, nor any traces of oxalic or malic acid. * matter- 

This yellow nitric folution is converted, by evaporation, into Its properties, 
a deep yellow fubftance, which burns like refin, but is foluble 
in boiling water. 

The alkalis and lime, being added to this aqueous folution, 
do not produce any precipitate, but the yellow colour is very 
coniiderably deepened ; and, by evaporation, an orange-coloured 
fubfiance is obtained, Ahich is dill eadfy foluble in water, and 
condfls of the deep yellow fubfiance above-mentioned, com- 
bined with the alkali or lime. 

6. Muriatic acid diffolves the colouring matter and gluten^; MuriadcacU 

of lac ; but its adlion on thefe is feeble, unlefs the reGn has been colouring matttr 
previoufly feparaled. «id gluten. 

7. Acetous acid, in its effedls, much refembles muriatic 7* Acetous tcld. 
acid. 

8. Stick lac, feed lac, and flicll hsc, are partially difTolved by S. Acetic acid 
acetic acid ; and, if this be heated, a confiderable portion is 

taken up. was. 

Tlie difTolved part confifls of the colouring extra6l, of refin, 
and of gluten ; the wax being the only ingredient which is in. 

Toluble in this menflruum ; but a portfbn of the former fubfian^es, 
teing enveloped by the wax, are protected from the aAion of 
the acetic acid. 

The acetic folution of lac becomes turbid when cold, and 
depofits part of the refine a portion however remains in folu- 
tion, and may be precipitated by water ; after which, the liquor 
retains fome gluten and colouring extrad, whith may be pfe- • 
cipitated by faturaling the acid with an alkali, and by fubfequent 
boiling. 

F6r the reafons above flated, it would be difficult to eflbfi a 
complete folutk>n of lac by means of acetic acid ; biit this may 
^ VoL. X,— January, 1805. E neverthelefi 
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Boracjc acid 
Ibarcely a£ks on 
lac. 


Borax renders !t 
folubic in water, 


Proportion, drc, 


^he folu^on is 
a Coap of dificul 
Ibhibillty. 


neverlhclefs be advanU^eoufly employed in analytical opera* 
tions, when alternately ufed with alcohol. 

9. A fatorated foluiton of boracic acid in water, diflblves'the 
colouring extract ; but, as the effed does not furpafa that ot 
water alone; we may conclude that lac is little, if at all, afied 
upon by boracic acid. 

10. It has been already ftatec], that fub-borate of foda or 
borax has a powerful effe£l on lac, fo as to render it foluble in 
water; and, as the preceding experiments prove that boracic 
acid alone fcarOely a£is upon lac, there is every reafon to be-^ 
Heve^ that the excefs of foda prefent in borax is the adlive fub- 
fiance; and this conclufion will be confirmed, by the refults ot 
fubfequent experiments made with the alkalis. 

In order to render lac (efpecially fhell lac) foluble in water, 
about y of borax is neceflTary ; and this may be previoufly dil- 
folved in the water, or may be mixed and added together vi^illi 
the lac. 

The bed proportion of water to that of lac is 1 8 or 20 to 1 . 
So that 20 grs. of borax, and four ounces of water, are, upon 
an average, requifile to diffolve 100 grs. of (hell lac ; but more 
water may be occaiionaliy added, to fupply the lofs caufed by 
evaporation during the digeftion, which (hould be made nearly 
in a boiling heat. 

This folution of (liell lac is turbid, and of a reddifli-brown 
colour ; when confiderably diluted with water and agitated, a 
weak lather is formed ; it is decompofed by acids, and the lac 
is precipitated in yellow doccqli, which do not apparently 
differ from the lac originally employed. 

The general properties of the folution (liew, that it is a 
' faponaceous compound, which, being ufed as a varnifli or 
vehicle for colours, becomes (when dry) difficultly foliiole 
in water, although this was the liquid employed to form the 
folution. 

A white thick feum or cream collects on the furface of this 
liquid, after it has been fuffered to remain tranquil for fome 
time, and Is (ound to be produced by a fort of wax, which I 
(hall more particularly notice when the a^alyfes of the va- 
rieties of lac are deferibed ; but, in the prefent cafe, this wax 
appeared in Ibme degree io be converted into an almofi info. 
luble fqap by the alkali of the borax, and may be regarded as 
the principal caule of the turbidnefs of the folution. „ 

11. The 
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1 !• The lixivia of pure foda and of .carbonate of foda com- Soda and its car 
pleteiy dilTolve the different kinds of lac ; and ihefe folutions j^^g”*** 
exadlly refemble thole formed by means of boraxi excepting 
that they are deeper coloured. 

, Rather lefs than \ of carbonate of foda is required to 
diffolve (hell lac; and this folutioii^ when dried, is (boner 
affedled by damp or water than the fulution prepared by 
borax. 

12. Lixivium of pure or cauftic potaQi fpeedily diflblves the A!fo potafli« 
varieties of lac, and forms faponaccous folutions, fimilar to 

that in which borax was employed, cxclufive of the colour, 
which is deeper, and more approaching to purple. 

Lixivium of carbonate of potalh extra£ls a great part of the and its carboar 
colouring matter, but does not form fo complete a folulion 
of the entire fubilance of lac, as when pure potalh is em- 
ployed. 

The above alkaline folutions, by repofe, afford the waxen 
foap which has been mentioned ; and acids, being added to 
Ihefe folutions, and to that formed by borax, precipitate the 
lac in adocculent Hale, and of a yellow or buff colour, which 
precipitate, wlien melted, becomes (imilar to the lac ori- 
ginally employed. If however an alkaline folution of flicll 
lac (prepared, for indance, with foda) be gradually dropped 
into a futheient quantity of muriatic acid diluted with an equal 
portion of water, and nearly heated to tiie boiling point, and 
if after boiling the whole for about one hour the coagulum 
be feparated, and the clear liquor be carefully faturated with 
foda, and again made to boil, a fmall quantity of a flocculent 
precipitate is obtained, which was found to be analogous to 
precipitated vegetable gluten, combined with fome of the co- 
*louring extradl. 

13. Pure ammonia, and carbtnate of ammonia, readily afl Ammonia 
upon the colouring mailer of lac, but do not completely diflblve P"^****y* 
the entire fubdance. 


S II- . 

Analytical Experiments on Stick ^ Seed, and SheU Lac* 

Lac, placed on a red hot iron, cont rafts, melts, fmokes Product of lae 
much, and leaves a fpongy coal. Slow did illation carried 
the red heat, gave from dick lac, 1. Water iligbtly acid, 10;Stisklsc. 

£ 2 2. Thick 
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2. Thick brown batyraccoiis oil, 59; S, Spongy coal, )3| ; 
4. A fmalJ portion of carbonate of ammonia, with carbonic 
acid, carbonated hidrogen, and hidrpgen gas, by efiimate 17 
Seed lac. Seed lac, by the fame procefs, gave, 1 • Acidulated water, 6; 

2. Thick oil, 61 ; 3. Spongy coal, 7 ; 4. Mixed gas as before, 
but without ammopia, 26. 

Shell lac. Shell lac gave, 1. Acidulated water, 6; 2. Oil, 65; 

3. Spongy coal, 7f ; 4. Mixed gas, 21 1. 

The coal of this laft gave one grain of allies after combuf- 
tion, which contained a muriate, probably of foda. There 
was alfo a little iron, and foroe particles of land, probably 
extraneous. 


of Stick Lack. 

Powdered ftick A. 200 gruing of Hick lac, picked and reduced to powder, 
Souring eitnift ® and a half of boiling diftilled water 
to water. during 12 hours. The liquor was tran/'parent, and of a beau- 
tiful deep red ; this was decanted into another velTel ; and the 
operation was repeated, with frelh portions of water, until 
it ceafed to be tinged ; the lac then appeared of a pale yel- 
low iili-brown colour. 

The whole of the aqueous folution being evaporated, left a 
deep red fubHance, which poflelTed the genera* properties of 
vegetable extract, and weighed 1 8 grains. 

Alcohol then B. The dried lac was digefled for 48 hours, without heat, 
tMkupmnch eighteen ounces of alcohol; and the clear tindure. being 
cautioufly decanted different portions of alcohol were added, 
and the digeflion was repeated, until tiie alcohol ceafed to 
produce any efTeft. 

" The whole of the fointions in alcohol were then poured into 

didilled water, which was heated, and an attempt was made 
to feparate the precipitated febllance by hltration ; but, as this 
did not fucceed, on account of the filter fpeedily becoming 
clogged, the whole was fubjedted to gentle diiliilation ; by 
which, a brownifli-yellow refin was obtained, amounting in 
^ weight to 1 36, grains. 

C. The remainder of the lac was again digefied in boiling 
diftilled water; by which, 2 grains of the colouring extra^ 
were obtained. 

I>^dmurtttic D. The refiduum was then digefled with one ounce of mu* 
*im^»l** riatieacid^Uutfid with twooutwecof water^ which; b.il> 
OMuaderf ing. 
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ing, became of a bright pale red, but changed to purple, 
when faturated with a folution of carbonate of potafti. 

A flocculent precipitate was thus obtained, which potTeifed 
the chara6ters of precipitated vegetable gluten combined with 
fome oP the colouring exlra^ ; this, when completely dried, 
weighed 11 grains. 

£. There now remained 25 grains, whicli evidently con- The refidue viat 
fi/led of a fort of wax, 'mixed with fmall parts of twigs ftrelge 

other extraneous fubdances. 

A part of the wax was feparated by heat and prefTure in 
a piece of linen ; and another portion was feparated by di- 
gedion in olive oi], which adiimed the conddenc^ of an 
unguent. 

The reliduum was then boiled with lixivium of potaih, and 
became tinged with purple, in confequenee of Tome of the co- 
louring extra£t which had not been didblved by the preceding 
operations. 

The undidblved pai^, now confiding only of the extraneous 
vegetable and other fubdances, weighed 13 grains; fo that ^ 
the wax, with a fmall portion of the colouring extract, may 
be edimared at 12 grains. 

By the above procefs, 200 grains of dkk lac adbrded; Conponentpsrtt 

Grs. of ftick lac. 

Q* ^ Colouring extras - " *2} ” ® 

B. Relin - - - - - 136 

D. Vegetable gluten - * - - 11 

£ r Wax, with a little colouring extract, about - 12 

' t Extraneous fubdances - « - 13 


Anali/fis qf Seed Lac» 


192. 


200 grains of very pure feed lac were fubjedled to oper- Component parts 
ations very fimilar to thofe which have been deferibed, 
afibrded, 

Olrs« 

^ Colouring extrad ... 5 

Refin ^ 177 t 

Vegetable gluten ... 4 

Wax - * • • • - 9 , 


195 . 

Analjifii 
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Analyjia SlitU Lac, 


Shell he bdiled A. 500 grains of this fubftance were firft treated with 
littie^xtiaa* diftilled water* as above-mentioned* and yielded of 

extract only ‘i.50 grains. 

Kefiduf! gave B. The 497.50 grains which remained* were then digefled 
different portions of cold alcohol* until this ceafed to 
prdduce any effe^; the retin which w^as thus feparated* 
amounted to 403.50 grains. 

C. As the tiiell lac bad not been reduced into powder* but 
only into (mail fragments* thefe were become white and 
elaflic* and* when dry, were brittle* and of a pale brown 
colour ; the whole then weighed 94 grains. 

Muriatic acid D. Thcfe 94 grains were digetted in diluted muriatic acid ; 

and the acid* being afterwards faturated with folution of car^ 
bonate of potafli* afforded a flocculent precipitate, (refembling 
that obtained from folutionsof vegetable gluten,) which* when 
dry, weighed 5 grains. ' 

Acetic acid, by E. Alcohol lifted but feebly on the reiiduum ; it was there* 
took uprcfin'and ® matrafs, with three ounces of acetic acid, and 

wax j ihe latter was fuffered to digeff without heat during fix days, the veffel 
thrown being attiipes gently (haken; the acid thus aflUmed a pale 
’brown colour* and was very turbid. The whole was then 
added to half a pint of alcohol, and was digefted in a 
fand*bath ; by which a brownifli tincture was formed, and 
at the fame time a quantity of a whitilh flocculent Tub* 
fiance was depofiled, which, being coIle6led* well wafbed 
with alcohol on a filter, and dried, weighed 20 grains. 

This fubflance was white, light, and flaky, and, when 


nnd then the 
ireJfin ]^y water, 


Carbonate of 
. potafli threw 
fome te- 


rubbed by the nail, it became glolfy, like wax ; Jt alfo eafily 
melted, was abforbed by heated paper, and, when placed 
on a coal or hot iron* emitted a fmoke, the odour of which 
very much refembled that of wax* or rather fpermaceti. 

F. The folution formed by acetic acid and alcohol, being 
flltrate4, was poured into diflilled water, which immediately 
became milky ; and, being heated, the greater part of the reiin ^ 
which had been tSifloIved affumed a curdy form* and was partly 
feparated by a Alter* and parity by difiilling off the liquor; 
(his portion of re An amounted to 5] grains, 

G. The Altrated liquor, from which this refln had been 
feparated, was faturated with a folution of carbonate of 

pofalb i 
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potaih ; and* being heated, a fecond precipitate of gluten was 
obtained, which, when well dried, weighed 9 graini* 

The 500 grains of Ihell lac thus yielded, 

A. Extradt 

Refin - . 

Q* I Vegetable gluten 
E. Wax 


The mode of analyfis adopted for the (hell lac, muft un- Advants^ef 
doubtedly appear lefs (imple than that which was employed 
for feed and (lick lac : but,' upon the wholei it was attended 
with advantages ; for the (hell lac being in fmall fragments^ 
and not in the flate of a powder, confiderably facilitated the 
decantation of the folution in alcohol from the refiduum ; and 
although, in this lad, a ^rtion of the redn was protedted from 
the adlion of the alcohol, by being enveloped in the gluten 
and wax, yet, by the aifidance of acetic acid, the remunder 
of the refin, as well as the whole of the gluten, were diflolved; 
the wax was obtained in a pure date ; and a reparation of 
the refin from th# gluten was afterwards eafily effedied, by * 

the method which has been defcribed. As therefore acetic 
acid is capable of diflfolving refin, gluten, and many other of 
the vegetable principles, it certainly may be regarded as a 
very ufeful folvent, in the analyfis of bodies appertaining to 
the vegetable kingdom. ' 

From the refults of the preceding analyfes it appears, that 
the different kinds of lac confid of four fubdances, namely, 
cytradl, refin, gli^n, and wax, the feparate properties of 
which (liali now be more fully confidered. 

("TAe Conclufion in our nejft.J 


Orf. 

2.50 

454.50 

14 . 

20 . 

491. 


Gulvonic 
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€almni(k Illuftratians and Rmarks, By C. WjlktnsoKi 
To Mr. NICHOLSON. 

DEAR SIR, CUifgaxv, Dec. 9, 1804, 

On the gekanicHAVINGt during nsy galvanic tour, been occafionally in<p 
charge, &c. formed that the attempt I have made in my Elements of GaL 
vanifm, to explain the laws of galvanifm on the more perfeQ 
and imperfed conduAors, is not fo clear as k was my with to 
have rendered it; I (hall therefore deem myfelf much obliged 
by the infertion of the following obfervations in your valuable 
fjournal. 

The power of a galvanic apparatus, formed of plates not 
lefs than 2^ inches in diameter, on animal fubtiances, is di- 
reftly as the number of plates ; on the more perfe6t conduc- 
tors, as metals, the power is as you have at large dated in 
your lad Journal. 

Let US fuppofe three galvanic plates : Fig, 1 , (Plate I I.) 
of four inches; Fig, 2, of fix inches; and Fig, 3, of eight 
inches ; An arrangement of thefe in the Arm of a galvanic 
trough, produces equal effects on animal fubdances, provided 
the number be equal. 

Animal fubdance is very little fuperior to water in its con- 
ducing power ; and the experiments of Mr. Cavendiih have 
proved, that the conducing powers of iron are a million tiroes 
greater than the conducing powers of water, 

A metal brought into contaC with another metal difpofed 
to part with a quantity of its compound eMRrictty, will divide 
the quantity thus difengage^j, becaufe its capacity for receiving 
it is equal to that of the metal under the chemical aCion. 

Animal fubdance brought into contaC with a metal fimj- 
Jarly dtrpore4» will only receive a portion adequate to its ca- 
pacity ; and as this capacity is in the ratio of its conducing 
, powers, it will be nearly one million times inferior in capacity 
to that of a metallic fubdance ; and will, therefore, abdraC 
pnly fo fmall a proportionate part of eleCricily to render its 
jntepfily equal to that exIiUng in the galvanic plate. 

» 
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By e1e6tri(al intenity I underlhind the quantum of cleftri- f*tvanl« 
city maltipliec) by the refifting powers of the fubilarice to ad- “***» 
mit it. Let us fuppofe the plates 1, 2, and 3, dilpofed to 
give out eledlricity on every aflSgnable point of their refpec-^ 
f've furfaces. A hnger applied at No. 1, L abdrad 
a certain portion of eleftricity from the points of metal direftly 
in contact; a certain portion of eledlricity W'ill immediately be 
determined from the fquares 2, 3, 4; 5, 6, &c. from every 
carrefpondirig fquare on the furface of the plate« by that mo* 
tiod which Volta has well termed the moto-ele6trical power : 
there is a phyiical refinance in the tranfroiliion from thefe re- 
fpedtive fquares to the fir ft touched by the finger^ and the 
more remote the greater the refiftance : at whatever points 
this phyiical refiftance (hall be equal to the capacity of the 
fuhftance employed| there all further tranfmiifion muft ceafe : 
this refiftance in plates of 2 f inches in the fquare, a^ppears, 
froYn experiment, fully adequate to the conftant fupply of fo 
imperfeA a conduflbr as animal fubftances, and therefore any 
increafe of fi'ze in the furface of the plate, wHt produce no 
additional effe^s. 

When a certain quantify is thus abftradted from the pair 
of plates at the extremes of the battery, in dired contact with 
the fingers, thefe plates and the interpofed fluid in the cells, 
only a6l as cpndudbfs to the next pair, and fo on ; as the ve- 
locity of difeharges of each fucceflive pair is fo infinitely greater 
than the lime required for the chemical action, is the reafon 
why the eifefis we experience are increafed in proportion to 
the numbers ; if we were to fuppofe that Uie time required for 
the fucceflive difeharge of 50 pair of plates, flioeld be pre- 
cifejy equal to the time required for the chemical adfion, we 
flioufd derive no increafe of power by an increafe of number, 
which is contrary to experience, , 

1 have a battery formed of 600 plates, each plate only ex- 
poling half a fquare inch in furface: To experience equal 
effedts from this arrangement, I am obliged to paufe three or 
four minutes between each contad ; an interval of time no * 
ways requifite io larger plates. 

When fuch fuperior conductors as metals are employed, 
the phyfical refiftance of tranfmiffion from one part of the 
pbte to BPoAer, bearing no proportion with the capacity of 

the 
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Ihc metal, every ailignable point of the galvanic plate is effi- 
cient at the fame tirpe, therefore the intenfity will be as the 
furlace, and the powers as the fquares of the intenfitles. 

1 am. Dear Sir, 


Your% refpeflfully, 

C. WILKINSON. 


Ao. 19| Soho SquarCm 


XIV. 


Gbfs la not a 
oyftallization. 


Titreotfs fuHon 
diftindt from 
that of folts. 


On the Devitrific(Uion of Glafs and iJte Phenomena which hap* 
pen during its Crj/ftallization, jSyDARTicuEs.* 

SoM£ philofopbers have confidered glafs as a chryfialliza- 
iion ; and this opinion appears natural on confidering the tranf- 
parence of glafs or of crydal, from the latter of which the 
term for defignating the regular and fp^ntaneous arrangement 
of the particles of bodies has been taken. But on clofer re- 
flection, this notion is found to be erroneous. In fed glafs 
never affeCts a cry flalline flgure, either in its furface or its trac- 
turej it never prefents chryftals of its own proper fubftance, 
fuch as are feen in metals flowly congealed; and whenever 
cryflals are formed in the mafs of glafs, they are foreign to 
the part which flill continues vitrified; they may be confidered 
as a fiep the reverfe from that of vitrification, as I fliall fhow 
in the courfe of the prefent paper. 

On the hrfl explanation of vitreous fufion, I mufl diflinguiflt 
and fepara^ it from the fufion of certain other bodies which 
flow without addition in the heat of our furnaces, fuch as bo- 
rax, the phofplioric acid and others. In thefe bodies the con- 


* Tranflated from the Journal de Phyftque, LIX. 5. 

The author of this memoir, who is proprietor of the glafs-works 
and other eftabliihments of Voneche (Sambre-et Meufe) has under- 
taken to draw up for the French National Inflitute a treatife on the 
art of glafs-roaking, to ferve as a continuation to the arts and trades 
of the Academy/ The firft part is in raadinefs to^ appear, many of 
the plates being ready. The fecond part relates’ to the ufes of ^afs 
in the arts. And the third part confifts of detached memoirs 
the phyfical and chemical properties of glafs. The prefeht dtflsrta- 
tion is extra6lcd from one of ^oik memoirs.— J. C. Delametheric, * 

denfed 
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den fed beat roftens and renders them fluid, and they more or 
lefs continue to exhibit, when cooled, the tranfparency and 
fomc other of the well known phyfira) properties of glafs. 

But in the examination and^defcription of that fufion to It is a folutioa 
which vitreous compounds are fiibje^ed in order to fit them for 
the purpofes of life, it is neceflary to obferve that the effect 
aril'es from two phenomena. It is not (imply the refult of ac- 
cumulated heat, but it is jointly produced by the affinities of 
the fubdances which enter into the mixture. Thefe fubdances 
which tend to combine and mutually to penetrate each other, 
a6t according to the laws of their affinities as foon as ever the 
temperature is fufficiently elevated. Thus it is that a mixture 
of feveral earths becomes fufed at a temperature which could 
not have rendered any one of them fluid. 

The common vitrification is therefore the refult of a com- Nature of the 
bination efre6ted at an elevated temperature between different 
and heterogenous fubdances; and the produdt is a compound ^ 
perfediy homogenous more or lefs tranfparent, eladic, and 
breaking in a peculiar manner, from which (he term vitreous 
fradure is derived. This body is a remarkably bad condudof 
of heat and of eledricity; it is capable of becoming foftat a 
temperature inferior to that at which it was fufed, fo that it 
may be rendered pady, dudile, 8:c. 

The phenomenon during which all thefe properties diCap- Devitrification, 
pear is what 1 iiave called devitrification; an expreffi^n which 
may at fird feem extraordinary, but which the fads will diew 
to be perfedly accurate. 

Several philofophers have before noticed this effed; feme 
have even made obfervalions upon it, and have not,ed various 
circumdances fcarcely conneded with each other ; but I am 
not aware that any one has yet publifhed a feries of refearches 
proper to explain the eSeds, fo as to (hew that it is one of the 
known properties of all natural bodfes, being in fad nothing 
more than the produd of a crydallization. 

Reaumur fird obferved that a glafs, more efpecially if it be TheporceUin of 
compofed of different earths, as bottle glafs is in general, 
may be decompofed, and lofe its tranfparency and other vi- t 

treous properties. * Fully occupied in his refearches upon 
porcelains, he was defirous of applying this difeovery to the 
fabrication of potteries, and attributed (he phenomenon to the 
fubdatices in which be had cemented his glafs. The fad was 
2 denomu 
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Repetitions of 
the procefi by 
d* Antic and 
•tberl. 


Obfcrvation of 
cryftals in glaff. 


Experiments of 
Sir James Hall 
on whinftoney 
9k* 


He did not pur< 
fue this devitrl 
iicacion among 
artificu) pro* 
dnAs« 


denominated the cemenialion of glafs, and (he proddft wai 
called Reaumur^s pbfcelatn: no inciddht could be more effe6t* 
ualiy calculated to retard the (ruexlevelopement of the fad 
than fuch a denomination of tKis kind. 

The labours of Bofc d'Antic upon the fame objed were 
alfo direded to no other purpofe than (hat of obtaining a good 
pottery by this means, and of afeertaining what cements were 
the bed calculated to give new properties to this body. Thus 
it was that by calling the procefs by the name pf cementation, 
which depended in no refpied upon what was added as the ce* 
nient, others were milled, who were induced to follow the 
courfe of experiments already began. The natural confe* 
quence was, that feiendh gained nothing refpeding this procefs 
fince the time of Reaumur, Many have (ince attempted the 
cementation of ^aTs without perceiving any new i^efuft in the 
produd. 

Several perfons have iince admitted the property in glafs of 
affording cryflals ; but thefe remark's being more efpecially ' 
made by artidsi placed by their filuation at (he head of glafs- 
works, have not afforded the feientihe confcquences which 
might have been deduced from (hem. Tlicdiredors of a great 
eflablifhment have feldom time to dwell upon the contempla- 
tion of fmaU effeds ; they are obliged to attend to too many 
thiirgs at (he fame time. Thefe remarks, though curious in 
themfelves, remained without connedion ; and no one thought 
or ventured to publifb that the cryflallizalion of glafs, and ce- 
mentation by (he procefs of Reaumur are abfolutely one and 
the fame thing. 

Sir James Hall,* in his valuable experiments upon whin- 
flone and lava, publifhed in the Hth volume of the Biblio- 
theque Brilannique, afceHained (he property <]?f thefe Bones to 
become fufed into glafs, and to return to (he ftony Bate, ac- 
cording to the circumBances. 

He called this lafl fad a devitrification. He faw that it was 
the effect of a. precipitation, and explained it in a manner that 
was highly fatisfadory and true ; but being too much occupied in 
deducing from this fad arguments in favour pf the volcanic geo« 
logy, he negleded purfuing the intereBing philofoptiicaY^onfe- 
quences to which the phenomenon pointed! the way. This is 

* Firft in the Edinburgh TmUfadiont, and eftcriWdi i6 otfr 
Journal. N. 
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the ta(kvl have undertaken^ and in the prefent memoir on de- 
vilrificatton^ 1 fliall give the rentlti of my firft experiments. 

As my fiiuation giyes roe the ufeof a fire of extreme violence 
and continued for years together^ it may have been in my power 
to make obfervalions not within the reach of every one. Tiie 
fa6ls 1 (liall report do partly explain ihemfelves; they are the 
refult of laws to which all bodies are fubje^ted. All the merit 
of the obfervation confifis in having feen them in fubfiances, 
and on occafions where k was not known thait thefe laws do 
lake place. 

The bottom of the furnaces for fonding or fufing the glaf* JT’ 

ufually prefents large cavities excavated by the adion oT the furnaces, 
fire, and of the corrofive fubfiances which often flow out of 
the melting pots, Thefe cavities are filled with a kind of glafs 
called piqadil, whidi is compofed bf afhes which become vi. 
trifled, flones of the furnace which become fufed, and more 
particularly of glafs whieh falls from the pots. Care is taken 
to remove this at each font or making of glafs. When the fur- 
nace is neafly worn out, the cavities having become large, can- 
not be entirely cleanfed, but fome of the picadil remains. 

When the furnace is extinguifhed, this picadil undergoes an 

extremely flow cooling, b^aufe it is (urrounded with mafonry 

of feveral cubic fathoms, which is itfelf penetrated with heat 

that has continued for upwards of a year. 1 have always re- Cr>(la1i in glafs. 

marked that it was in the glafs of thefe bottoms of the furnace 

that 1 found cryfiallizations through the mafs of glafs, the reft 

of which was very tranfparent and pure. Thefe cryftalliza- 

tions,. which were always confiderably regular and numerous, 

excited my curiofity, as they bad done that of other glafs- 

makers before me. 1 collected many fpecimens, taking care 

to1:hure thofe which appeared the moft curious, and prefen ted 

the moil extrordinary charaQers. * 

Soon afterwards, from comparing the pieces themfelves, and Examlnatloa 
the circttmftances under which they had been produced; and 
by the combinations of remarks, trials, and experiments lo 
imitate , thefe cryfiallications at pleafure, I at left fucceeded ^ 

in difiifljguMhiiig v&rious claflfes, all of which are produced by 
the oatare of ibedifferent circumfianc^es which accompany the 
formatipiief the glafs. lihbU give a rapid outline of thefe, 
withoutventeviiig into any«remarks on the devitrification which 
bbnoil peoftantly takes piece in the fcoria of forge furnaces. 

This 
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This lad fad mud have prefented ilfelf to every onCi and will 
without didicuky be referred to the obfervations I fliail nrake. 
The mtire com- The ^d remark which offers itfelf i8> that the more com- 
Sie moiV pounded the nature of the glafs, the more eafily and readily it 
ic loies it& vicre* will betsome devitrified : but in the fame manner as a folvent 


•us nature. 


Bottle glafs. 


Experiment in 
tne fma'l way. 


loaded with a great number of faline fubdances of different 
kinds, fuffers them to crydallize more confufedly, fo likewif'e 
it is found that thefe glaffes do not prefent the mod regular cry- 
dallizalioD'^. A precipitation takes place through the whole 
of the mafs; each of the component parts obeys the laws of 
affinities; at the fame time the tranfparency fpeedily difappears, 
and we no longer fee a piece of giafs, but a done. Through 
this confufed mafs it is neverthelefs impodible not to obferve 
the rudiments of crydals. Such is the manner in which bottle 
glafs comports ilfelf in itsdevitrific adlion. Thefe approach very 
much to the date of mere earthy glaffes, having very little fait 
in their compofition. 

Every one has an opportunity of keeping a common bottle 
of black glafs in a fire long continued, and capable of foften- 
ingitspalic; it fpeedily changes colour, becomes grey, and 
alTumcs (he appearance of done ware. In this manner we 
form the pottery of Reaumur, but without any procefs refem- 
bling crydallization. 

But< indead of obferving the phenomenon in fo fmall a mafs, 
if we examine the bottoms of the glafs furnaces in which thefe 
by Uuw cooling, bottles arc fafed, we hud that the glafs is abfolutely devil rided, 
and has alfumed an appearance fo completely dony, that the 
mod experienced eye can fcarcely didinguifli the bricks of the 
furnace from the part which has been glafs. It is only by fol- 
lowing thecourfe of the devitrification in pieces lefs advanced, 
that we fucceed in didinguifhing the glafs in a granulated done, 
which has rather the appchrance of coarfe pottery, or a drongly 
baked clay. 

It often happens that the flow cooling of an hour or two 
fudicient to produce the entire devitrification of bottle glafs. 
1 have pieces of eight centimetres (2^ inches) thick, which I 
obtained at the glafs works of Mr. Saget,' of La One 

of the pots was taken out of the furnace to be replaoedj the 
glafs reirfaining at the bottom of thb pot was preferred from 
cooling during the time the pot ilfelf acquired the commoii 
temperature, and by this means the nature of the gfaA was 

entirely 
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entirely changed. It no longer exhibitu the tranfparenoy, but 
is a maHi of crydals, compofed of fiiiall needles^ eon verging 
towards common cenlers. It has no longer the appearance of 
glafi. 

This fact Qiews with what facility bottle glafs is devilrified, 
and always without the lead appearance of cementation. The 
inllniie variety of fubdances which make up the coinpofition 
of bottle glafs, greatly modifies the phenomena which take 
place during their devHrification, and mud, no doubt, influ- 
ence the form of the cry dais; but m\ opportunities of obferv- 
ing this kind of glafs have not been numerous. 

Pafling therefore to glades Jefs earthy and coinpofed of a lefs Creenith glaft of 
number of fubliances, when I make the fame examination 
the bottoms of the furnaces of glafs for windows called glades and changes* 
of Alfatia, or half clear glades, into which is put a greater 
portion of pure fand and of alkali, I obfer^e nearly the fame 
phenomenon ; but as they arc lels fiulden, they are more caly 
tf> (lidinguidv and to feparale. At the lird indunt, and in the 
mad'es where the (Icvitridcation commences, we feeiii to ob- 
ferve a fmall portion of blue colour didufed ihiougii a groenifh 
liquid. 

A very fingular fadt here prefents itfelf, which I fliall here 
only point out, with the intention of more fully examining it 
hereafter. This greenilh glafs mixed with blue, appears, in 
fadl, to become of an obfeure blue when confidered by re- 
flected light; but if placed fo as to tranfrait the light, it 
always appears grccnidi ; the blue being rcdectod and the 
green ref'radted, each iingly. 

By continuing to obferve the de,vitrificalion of this glafs. Second chinge, 
it is foon perceived that the blue precipitation is follow eil b> white opa- 
another more abundant, which affords a dirty white, and is 
very didind from the former. Tlit? colour of this glafs becomes 
deeper and deeper, and at length it refembles grey horn. 

In thefe different tranfitions the pade of the glafs appears Third change 
conftantly to remain, diftmguifliable in its polifb, its fradlure, 
and all its other properties, except its tranfpaKncy. But in • 

tile midft of this |}ade refembliijg born, very didind crydaili- 
JBations are formed, confiding of nodules compofed of fmall 
needles, all converging towards the center. In tifis liate it is 
no longer glafs, but a cry dal poflefiing all the phyfical pro- 
perties of mineral fabftances left to themfelves. 
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An exa^ anal^^fis made of a certain number of thefe cry ltaU 
carefully detach^ from the mats, might indicate their nature 
and throw light on their forma'tion. 

It often happens that thefe cryftallized nodules are enve- 
loped in a cruft which feems foreign to their nature# and may 
be compared to the cruft which envelopes flints in the middle 
of the dialk-banks in which tliey feem to grow, 

< Spwdy refrlge- Thefe are the feries of phenomenon attending the devitrifica- 
greenifti glafs when it happens (lowly ; but if the effeft 
•on# - is ^too rapidly prcnluced# thp appearances referable thofe ob- 
ferved in the devitridcation of bottle glafs. The window glafs 
^ here fpoken of# is of that kind which contains very little of 

earthy matter, except wood afhes. It muft admit of many 
variations according to the differences in its com pofi lion# 

Clear tnd Ample White or colourlefs glafles are very difficultly cryftallized 
S£ly*de?ltriW. devitrifievl. When they are well made# we may affirm that 
a long continued heat does not change them ; but for this pro- 
perty it is neceffary that they ftiould be corapofed merely of 
fileXf with the precife quantity of flux for its faturation. In 
, this cafe# a very long continued Are will no otherwife change 
them than by rendering them more yellow and hard. 

(The Conchtfion in our next,) 


ADVERTISEMENT. 

Various articles of PliUofophlcal Nem, Accounts of Books$ 
and other fuhjeSts, have necejfarily been pqfipnned this month, on 
account of illttefs with which the Editor has been affliSted. 

The fume caufe has alp unfortunately prevented his Draughtf- 
man from completing fame Deftgns, which would clfe have*ap- 
peared. 

Mr. Ezekiel Walker has been prev^ttedf by feverc indifpofition, 
fwm anfwering the paper of C. L. in our Utfi, tgton the Horizon- 
tal Moon. 

A note hasWfo been received from C. L. in which he begs leave 
to notice, that the large lens mentioned in hit experiment I. has a 
clear aperture ^ 6,1 incites in its frame, and was. fa sfai iaihat 
expevimejlt, . 
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in thofe intervals of filence which were not difiurbed by 
foreign founds, at the diftance of 5| yards ; but when I re- 
moved half a yard farther, the ilrokes of the balance were no 
longer heard. A circular plate of rolled troik, one foot in 
diameter, was then brought into conladt with the part of the 
watch fartheil from me, the pofition of it being fuch as to 
prefect the plane of the circle to my ear. This circumftancc 
increafed the range of the found ^ for every ilnoM of the in- 
Arument was diAin6tly perceived at the diftance of four yards, 
when the filence of the place remained undifturbed by other 
Caufes. The refiilt of this experiment is too obvious to need 
a comment : and 1 have only to add, that when the trial is 
made within doors, the range of the clicking is greatly in- 
creafed ; becaufo the primary found receives ah accefiion of 
force from a number of its own pulfes, which are reflected to 
the ear by the fomiture and walls. 

E*p. 3. The Experiment IL — I proceeded, in tlje next place, to examine 
cwfiderablc* effefts produced on the auditory organs by the vibrations 

found itfetf. Communicated to an elaftic furface by a watch ; the imniedi- 
ate found of which was fmothered by art. For this purpofe, 
a watch was placed upon a cufoion, under an inverted poi- 
celain cup, which was wrapped externally in feveral folds 
of flannel. The inftrument was heard with difficulty at the 
diftance of one foot in this fort of conflnemenl ; but when 1 
placed the muffler with the watch under it, upon a fquare 
mahogany table four feet broad, the clicking noife imparted 
by it to the top of the table, reached the ear very diftinflly at 
Ihe diftance of four yards. The fame watch, covered in like 
mafiner upon the iron plate mentioned above, reached my ear 
at the diftance of 22 feet. The apparatus flood in this trial 
updo a round oak table, 24 inches in diameter. 
theenla^meAt The preceding £a6t proves indifputably, that the fecondary 
au meno^ vibratiofts of an elaftic furface adlually afFeft the ear, in thole 
wherein the pulfes never reach (he perfen of the hearers, 
which proceed from the part that is exclufively confidered as 
the feat of fetihd r lit other words it proves, that the caufe of 
a found is not confined fo the obftacle receiving the primary 
imptilfe, but that it is prop^ated from the point of foipaft 
through the cbnttguoos bodies. The firS estpchfftffont^ 0^^ 
(hews, that theeifthrgement of the vibrating fiirfece etictekfes 
the jRuree; which a ^i^n firohe exerts upon M ear placed ai 
A a given 
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i given diAance ; confequently the increafed fiMve ftas im* 

|>arted to a ^und, muft k afcribed to the coM>{>eratioii»of the 
Vibrationt comnanicated in the firft experiment to, <ht |d«ia 
iron { for by uniting with tbofe of the watch* they evident^ 
augmented the power of (he latter snAruoient. 

A rational Ihieory of the forces of founds may be formed, /*****1f fouSl 
by hdpof the ptreceding obfervations, hi the foUowing manner : kf 

Firfif Suppofo the plane ABC (Plake IV,} to beoneof thefar- the vUbmtfoiif si 
faces of an elaAic body, and let it receive an impulfe at the 
point O ; then O will recede from the Arofce in a right line Mj. 
perpendicular to ABC, drawing after it all the contiguous 
particles, which, in their turn, will change the place of' the 
next circle of particles. In this manner a circular dent 
O M E Q T F will be formed ; the center of which O will he 
below ilie plane ABC; M* the higbeft part of the margin, 
will be above it ; and the extreme circle £ Q T F, bounding 
the whole, will lie in the plane. Second, Thus will a circu* 
lar fwell be formed on the plane, refembling the circular wave 
produced by a flone dropped into water. A feries of thefe 
fwells vrill follow the hrA, each of which, in fucceifion, will 
lie more remote from the center O than its predeceflbr. THrd, 

The coliedive force of each fwell is equal to that of the ^rft 
impulfe ; and it is diAribuled over the furface of a ring, having 
O for its center and O £ for its breadth ; u c. all the rings are 
of equal breadths, but unequal diameter. Fourth, The efied 
of the Aroke is thus progreflively propagated from O to the 
more diAant parts of the plane ABC, with an uniform velo- 
city. Fifth, Let P be the place of the ear in the right line 
O P, perpendicular to A B C ; alfo let GHIJK be any fwell 
in the fame plane ; then will the effod of that fwell be carried 
tQ.lhe ear, in the conical Aiell O G 1 J K P ; and the impulfe. 
imparted to the auditory organs, through the medium of this 
fliell, will be greateA when the diameter of the ring 0 1 is 
JeaAf and the contrary. Sixth, If A £ C be a concave fphe- 
rical rurface* having P for its center, all the fwells will fuc*- 
celTively exert equal forces on the ear at P. S^enth^ If O P ^ 

be put equal to a,, and / meafure the force of a Aroke at the 
lUAance T; then let v equal the velocity with which this force 
i# proptgated. from O over the fphericai furface and 1 the 
breadth of tbe rings covered by the fwells, the force 
prelTed cm the ear at P in a given iatervai ef time* is equal 

F 2 te 
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to Eigkh, lliough^ time is infinitely divifible in a ma- 

tfaematical fenfe, M. Euler has (hewn *, that (he ear con- 
ceives it to oonfifi of indivifible or eleniejitary particles ; con- 
fequently all the forces which arrive at P during one of thefe 
elementary iatervalSf make a fingle indivifible impreffion on 
an ear (daced at that point ; becaufe this organ cannot take 
cognizance of a fmaller particle of time ; therefore the force 
of a found, produced at the center of a hollow fpbere by the 
undulations of its furface, is truly denoted by the expref- 

fion Ninth, In general, the force of a found, at any in- 

fiant of its duration, is equal to the fum of the forces exerted 
by thofe pulfes, which firike the ear in the elementary inter- 
val : Confequently, if the difiance between the hearer and 
the founding body be fuch, that lines drawn from his ear to 
every point of the vibrating furface,^ may be confidered as 

equal, the force of the found will be exprelTed by — . T^nth^ 

To (hew the nature of this theorem by an example ; fiippofe 
a bell Ay the diameter of whole mouth = to be an o£tave 
below a bell B, the diameter of which = 1 : alfo let A be 
heard twice as far as when each receives an equal firoke ; 
the ratio of the breadths of the iweils in A and B is required. 
Let V, V, be the velocities of the fwells in A and B, L, I, the 
breadths of thefe fwells ; aifo let 2 and 1 be their refpedi^e 

y V 

ranges: then fince / is given, by I he theorem; 

4 * As I 

hence, as : : L : /• Now the lemi-circumferences of 

A and B are in the ratio of to 1 ; but while the vibrations 
pafs over half the circumference of A, they pafs and repjvfs 
over the fame part of B : therefore, as F: v : ; 1 j- : 2 : hence 
alfo, as £,!/:: 1 : 6. Q« £. 1. 

The principle Should the principle explained above be admitted, (he fol- 
extended to lowing concluHon mufi alfo be received as a necelTary confe- 
“^“quence of it r the voices of animals, as well as the notes of 
mufical inftruments, and the reports produced by blows given 
to lefs elafiic fubfiancet, derive no incontiderable portion of 
their refpeftive forces from the vibrations of parti which mre 


* Tentamen de Mttt» Cap. I. Sec. 13. 
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not diredly concerned in the produ6tion of the primary found. 

Thi§ opinion appears to be countenanced an ^experiment, 
which I have repeated at different times under various forms, 
and of which the following is the fubfiance: If a'Mre be 
ftrefched by. two pins fixed into a bad conductor, fodi as^n 
block of flone/ the found produced by it is much weaker than 
that of an equal wire fimilarly flretched upon a board, which 
is a better conductor. In like manner, if a circular piece of 
wood be ftriick by a leaden ball conftantly falling from the 
fame height, the report will be heard at a greater diflance, 
when the wood is placed upon a good conductor of found, 
than when it reds upon a bad one. Thefe fadts create a high 
degree of probability, that the leading maxim of this eflay is 
applicable to founds of every defcription, embracing fuch 
as are Continuous, as well as thofe of a momentary dura- 
tion. 

Dr. Matthew Young’s Enquiry into the Phenomena of Similar theory 
Sounds has fallen into my hands fince the foregoing remarks Matthew 
were committed to papier, and a partial perufal of the work 
has convinced me, that the prefent theory has not all the 
claim to originality which I once fuppofed to be due to it, 

The juftice alid neceffity of the preceding obfervation will 
appear from the Dodtor’s two4heories of the fpeaking-trumpet 
and echoes ; in both of which he has made ufe of my leading 
principle with fuccefs. The maxim, however, has been ex- 
tended to a greater number of cafes by thefe obfervations ; 
beiides which, an attempt has been made to demon (Irate the 
truth of it by experiment, and it is on the two cirdUmdances 
here dated that the merits of the prefent letter mud red ; for 
1 am far* from defiring to rob the celebrated author of the 
enquiry of the honour due to his fagacity. 

• JOHN GOUGtf. 

MiddleJhaWf Jan, 4-, 1805. 
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Qhjhutatiom an the iifirent Degreet tf Facility tvHh which 
^ ^ 'Majjjte qf the fame Material admit of Changet in their Tefn* 
peraturcf with Applications qf the Fa^s to ike Conftru^km qf 
Fendmbam, and Speculations tqton various new Forms of pen- 
duhus R^ulators of Time, In a Letter from J. Whitlkt 
BOfWtLLi Efa, 

To Mr. NICHOLSON. 

SIR, 

Com|»uAd pen* The fatisfafiory communication on an ingenious improve- 
duiumi. inent of the compound pendulum » in your Journal for De- 
cember, has reminded me of fome ideas which occurred to nie 
on fimilar fubjedb. In hopes that Ihey may be of fome ufe in 
a matter fo interefiing in itfelf, and fo important in its appli- 
cation, I fend them for your opinion. 

A very material point feems to have been omitted in all the 
confiderations 1 have met with on the expanfion of bodies by 
heat ; pyrometrical experiments being directed to that merely 
of different fubfiancesof the fame fi^e, but none being made 
on bodies differing in bulk. 

3eiiefl are more Though various bodies differ in their dib'gree of expaniion 
or lefs fpeedily by heat according to their materials, yet all are fiibjedl to 
certain laws on this point, depending on their dimenfions ; 
their dimenfions for as bodies receive or communicate heat by their furfaces, 
and figure. retain it in proportion to their bulk, it follows, that their 

mutability of temperature muff depend on the ratio of their 
folid contents to their furtaces ; and that the greater the fur- 
face in proportion to the bulk, the more readily will a boc^ 
change its temperature ; and on the contrary, the greater the 
bulk in proportion to the furface, the Icfs will it be affefied 
by the flu6luating heat of the furrounding medium. 

Dsdttdtioft of the proportion whioK the furfaces of bodies bear to their 

eftdb. bulk may be varied, either by altering their ffiape or changing 

* their iize. In the firff refpedl it is fufficienUo note, that the 

ffattef and longer any body is, the greater will be its fur&ce 
in proportion to its mafs of matter, and viceverfa: the dif- 
ference caufed by the variation of bulk can be more eafily 
calculated, as in bodies of firailar figures their furfaces are. 

exaQIjjf 
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CMftdiy as the fqaares, and their folid contents as the cubes of 
their dianielert. From ibis« and what has been already pre* 
mired, it will follow, that in bodies df diflerent fixes, fimiforly 
fliaped, and of the fame fubfianoe, tlw capacity for heat witt 
be as the cubes, and the mutability of temperature as the 
ffuares of their diameters or tides ; and that, , therefore, 
degree of the tendency of thofe bodies to maintain an equality 
of temperature, may be etiimaled as their folid contents minus ' 
the relative value of their furfaces ; Bodies whofe fbapes are 
ditiimilar, will in feme degree be fubjed to the fame rule; 
but it is not material to the prefent fubjed to take them farther 
into contideration. 

The following table of the proportion of four cubes in the Table of the ri- 
above refpe6is, whofe tides are reciprocally as 1,2, 3, and 4*, 
will exemplify what has been above aflerled, and (hew how 
greatly the retention of temperature of bodies is increafed by 
adding (o their bulk. 



Side. 


Feet. 

A 

I 

B 

2 

C 

3 

D 

4- 



From thefe conti derations the following inferences may be Inferencti* 


drawn : \fi, That the greater the bulk of any body, the lefs 


will be its mutability of temperature in proportion, and of 
courfe the lefs will it alter its degree of expanfion : 2d, That 


a large globe in the tirti place, or a cylinder, whofe height 
IV as equal to its diameter, in the next place, or in the third 


place a large cube, would hav^ its dimentions very little 
changed by the flu^uations of atmofpherical temperature. 

To apply thefe principles to the regulation of horological Application of 
movements may appear difficult, as the tirft idea that would ^ 

occur is, that it would be neceflary to put thofe large bodies ^ 

in niotion for thif purpofe ; but this is by no means needful, 
and it may be etiFedually performed by conftrofiing and tilting 
up a pendulum in fuch a manner» that its variations in length 
(hall be corroded by, and depend on, thofe of the large body. 


Tbore 
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PeAdulums of There is no need of namdi invdligation to difcover iiiemodo 
Cr^hwutesnd of doing this; «s dtbef the pendelum invented -by Mr. 

Crofihwaite, of Diidslin. or that contrived by Mr. Pine* will 
fully anfwer this purpofe* thongh they will by no means per- 
form that for which they were intendedt— of effedting a com- 
pinfatioo of themrelves* in the manner of the gridiron pen- 
dulum. 

Their niftake. . The error of thefe gentlemen, in this refpe^, is very fully 
pointed out in a paper figned A. B. publiflied in the feventh 
Volume of the Repertory of Arts, which would have been 
much more creditable to its autlior, had he not triumphed fo 
much in his fuperior penetration on the occaiion, which has 
led him to forget himfelf fo far as to defcend to the illiberality 
of national refledlion on the part of Mr. ( 'rofthwaite : for 
which reafon 1 own I am happy to have it in my power to give 
thefe gentlemen the fatisiafUon of feeing an error pointed out 
in his paper in return ; which is, where he alTerts that a fmall 
rod of mahogany mull have the fame /:ontra£tion and dilation, 
from change of heat, as a Jblid 'plank of the fame wood, or 
words to that ed'edl, the fallacy of which opinion appears 
from what has been here laid down : It would be eafy to dif- 
tinguilh this philofophy by an appellation of the fame (lamp 
as that which A. B. has bellowed on Mr. Croflliwaite’s in- 
vention, and the more unfortunately for his iniinuation on 
this occafion, as the Irilh method happens (o be ihe belt of 
the two; for Mr. Crofihwaite fupported his pendulum by a 
folid wall, which would be much lefs alFeded by change of 
heat in the air than the back of the clock-cafe to which Mr, 
pine attached his. 

Vfeofalarg^ T^^e jboft method of applying the foregoing fa£ls to the 
forfixing^a clocks appears to me to be, to procure a large 

dulum and clock, cylinder, or odiagonal prifmt of Hone,* the diameter of whdfe 
bafe is equal to its height, and exceeds the length of the pen- 
dulum by fome inches at leall, and as much larger as it could 
be got the better : one pf a cubic lliape wojuld alfo do, if its 
mafs of matter exceeded that which could be got of the other 
forms ; for ihifi purpofe granite Hone Teems preferable, and in 
the next place Portland Hone, as they can be eallJy bad in 
large blocks; but it is probable that Hones which grow damp 
in inoiH weather would not be fo proper fpr this purpofe. To 
|hi8 block of Oone apendulam lliould be attached with a lingte 
V ^ compen fating 
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eompon&tjtig rod added to it, in the fame manner as that oon* 
ftrnAed by Mr. Crpfth«i'aite or by Mr. Pine; fhe clock Itfelf 
fhould alfo be faflened to the Hone, particularly if Mr. 
Crodhwaite’s pendulum is ufed. 

The block of Hone may be farther fecured from change ofl^*fen«« oftht 
temperature, by being fiirrounded on every fide by brick-work; cilinge tcm- 
except where the pendulum and clock are fixed, and having peraturt, 
dry iaw-duH rammed in between it and the brick-work. 

It is probable that a block thus fitted up, would vary little 
from changes in the heat of the air; and in thofe fituations 
where large blocks of Hone arp found naturally, this might 
be done at a fmall expence : where a large block of (lone 
could not be procured, a piece of dry (Iraight-grained red 
deal balk, or fitlid mahogany, might be ufed to good efre6l, if 
well painted, and inclofed as before directed : and for common 
ufe, it is probable that a large glafs tube, filled with femen 
lycopodii, if to be had, or fine dry faw^dufi, well clofed at 
either end, and covered* with oiled filk, would form a pendu- 
lum-rod little affedled by heat or cold ; but if metal is pro- 
ferred, then a tube of metal, fitted up as lafi direfled, would 
be preferable to the fmall wi^res now ufed for this purpofe. 

The advantages to be expelled from t])^ principal method Advantage«. 
above-mentioned, of fitting up pendulums, is, that it affords 
an unlimited mode of approximation to perfect compenfatrpn ; 
and that, as it requires no great refinement of workmanQiip 
in its conflrudlion. It can be ufed in many fituations where it 
would be- iropofTible to have a tubular compenfating, or com- 
mon gridiron pendulum made; which*, notwithfianding the 
late improvements, are extremely difficult to confirudl with 
accuracy, as may be feen in the paper publiAied in your Jour- 
nal for December latl, where many of the impediments to their 
perfection are pointed out, and more dill remain to be iiq- ' 
ticed, of which the following defe^ve fome attention. 

The metals of which gridiron pendulums are compofcd, ImperfeClians ol 
are both of them mixed metals, and of courfe every 
parcel of Ih^ made, muft vary in fome degree in the rela- The metaii ^ 
tive quantities of their component ingredients, and from thence ”*'*^<f* 
in their degree oPexpanfion by heat. It may appear Grange 
to cell fleel a mixed metal ; but when it is confidered that 
charcoal forms a confiderable part of it, the jufiice of eAi- 
pating it as fuch will be evident ; and in this metal the pro- 
portion 
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pcirtion of charcoal in difierent parcels of it. ii much moM 
vartous tlian that of ainc is in bra^s : perhaps, ibr this reaTofi* 
it might be hett^ to ufe fome of the fimple metals in the plac^ 
of thefe. in their confirudlion. 

IMflkttlty of td- Another difhcoHy in forming thefe pendulums with accu- 
ju meat. a good method of proving them. 

The adjufimeut by the going of a clock is (hewn to be imperr 
fe^ in the paper on the tubular pendulum, and that propofed 
in its place, the ufe of the pyrometeri is equally defedive. 
for the following reafons : 

Deftai alledged Pyrometers are unfit for meafuring the efifedts of the beat 
ID pyrometers* atmofphere on any fubfiance. becaufe their 

own machinery, and particularly the part fupporting the fub* 
ftance under trial, is liable to be affeded by the fame caules : 
and in this cafe the index will (hew the fum of the alteration 
of the fubftance, the part of the apparatus between its two 
extremities, and tl^e machinery of the pyrometer, infiead of 
that of the fubfiance alone; and in applying artificial heat to 
the matter under trial, it is extremely difficult to communicate 
that heat equally to all its parts at the fame time, and fo as 
not to operate on the pyrometer itfelf. without which the ex- 
aftnefs of a compound pendulum could not jufily be tried 
by it. 

Lafily. another error is produced in the computation of the 
aberration of all pendulums, from not taking into account the 
dilation and contradion of the fmall fieel fpring by which 
they are ufually rufpencied. 

Other pendtt- As all the ofcillatory pendulums yet made public are influx 
*'*®'** enced in their notation of lime by the expanfion of their fub- 

ilance. and as the befi contrivances to compenfate this are 
only an approach to perfe^ion. an increafe of probability but 
no certainty, it is therefore an objedl worthy attention to*tn- 
vefiigate other methods for effe^ing the fame purpofe : for 
which reafon L (liall here beg leave to fugged the reconfider- 
ation of a fpecies of pendulum of a difierent nature, which 
has never been condemned on any juft ground that I could 
hear, and which in fa£l is fo little known, that the application 
of a fimiUr movement to other purpofes. if by many ftippofed 
to be a late invention. The pendulum whkh 1 allude to. is 
that treated of in the (iftb Part of the Horologium Ofi^kiloriuo^ 
of the woH known Huygens, publifhed in 167$. whiob he 

calls 
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calh the circular penduloiQ* and which much refeiiibles tfaeCimlsr pendu- 
centri&gal »pparatu5f» afisd firequentlj about fteam-eoghies to ***»/*•*“• 
regubte the aperture of ibe ftem-damper, of which it pro* 
hably fuggefied the firfi idea. To form the circular peodu* 
lam, a fpindle (HD, Fig. I, Fb^t II h) proceeds perpen* 
dicdhifly from the clock-work, from whence it receives a cir* 
cular motion round its own axis $ to this is ^affixed a lamina 
(BG A) of feme breadth, bent according to a paraboloidal 
line, by the evolution of which (after it is joined to a certain 
right line) a parabola is formed, the conftru^ion of which is 
Ihewn in the eighth propofition of the third 4 >art of the above 
work : This lamina caufes the ball of the pendulum (F), at- 
tached by two threads to its upper extremity (as it circulates), 
to perform all its revolutions (which will be of greater or lefs 
extent as the axis moves with greater or lefs force) in the fur- 
face of a conoidal parabola (F £). Huygens declares, that 
all the circles performed by the pendulum thus conflrudled, 
will be ifynchroiious, and then (hews how to proportion the 
parts of the apparatus, fo as that each of its revolutions (hall 
be performed in a fecond, or in half a fecond : He fays, the 
only reafon which caufed the ofcillatory pendulum to be pre- 
ferred to this was, tliat this lad was more difficult to condrudt. 

As this circular pendulum fcems to poiTefs the valuable pro- 
perty of corredling the alterations caufed in it by expanfion, 
or of rendering them of no confequence, the difficulty of con- 
drudion is a matter of no confequence, efpecially as there are 
now to be found arlids fo much more excellent in works of 
this kind than formerly. 

Huygens gives the following charadler of this pendulum, 
which 1 tranfcribe in his own words : Plum tameUf hujus 
(juoyue generis de quo nunc loquimur, nec fine fitccejfu, conftru&U 
fuere : ^eflque in his fingulare i/lud, quod contimio atque aqua* 
bid motu circuntferri cemitur index pofiremm, qui fecunda ficru* 
pula defignat, cum in omnibus aliis horologiis JUbfiUtim quafi 
feratur: liem hoc quoquct quod abfque firepitu finioque omni 
movcantur hoc rniione confiru6ta automata.** He concludes the 
book with thirteen theorems, De vi eentrifuga eJt matucircst* 
lari, feveral of which prove this kind of pendulum to have 
tnoftwaluaUe qualities : the fixth of tfaefe, being very reroark- 
aUe, I copy for yomr readers, who may not have an oppor- 
tunity of feeing the work which contains it, as follows : 

^•THEOREM A. 
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** In cava fupetficie eon<Adi$ partMki, quad axm ad par* 
pendiculum cTj^um habeatg circuUui amnes mobilu, circun{fe>- 
renlias horivmli parallelas percurrentis, five pwrvw five magaa 
faennti aqaalibue temporibut pera^untur : qua tetupora fing^a 
aquantur binis afciUationibus penduU^ cyjus longitudo fit dind^ 
dium lateris re&i parabola genii rids.** 

froni the above theoreip^ and what has been already laid 
down on (he fubje^i it is evident that the circular pendulum 
is well worthy of a fair trial, and fliould be recommended to 
the attention of all (cientihc conArudors of horological move- 
inents» 

As this circular pendulum will take up more room than a 
common one, when this is any confiderable inconveniencei 
one of the following conftruflions on the fame principles (which 
have occurred to me while writing this communication), may 
be ufed in its place. 

Various con- The fird; IS as follows : To a (librt fpindle afcending from 
Sfcdar"*cndii*'^ clock, as before defcribed, let there b© attached a glafs or 
lorn. iron tube, bent in the form of the conoidal parabola before- 

mentioned, and placed as E F in Fig, 1 : into this tube let 
there be poured a fuflficient quantity of mercury to ferve as a 
centrifugal weight. 

It appears to me that the mercury rifing in the tube, as it 
circulates, by the centrifugal force, along its parabolical 
curve, will have the fame efl'edl as the weight in Huygenses 
rondruflion, caufed by other means to move in a fimilar line. 
The tube Ihould be fufticienily large to admit the air to pafs 
freely above the mercury as it moves along its cavity, or elfe 
a fmall aperture (hould be made in the upper furface of the 
tube near the fpindle, for the fame purpofe: to pre ventral fo 
the error which might othcrwife be caufed by a varied re- 
fi dance to the motion of^lle circulating tube from the muta- 
bility of atmofphericai preHure, the tube may be ioclofed in 
a circular vedel covered at top, made of as light materials as 
poffible, and very fmooth externally, through whofe axis the 
(^(Hiidle thoidd pafs, and to which it (hould be united ib ti to 
revolve with the tube. A fecond method of effecting the fiuiie 
purpofe is, to have a femi*cylindrical trough ihaped and pbu^d 
in fame mannier as the above tube, in which (hould* be pot a 
metallic fphere of fmaller diameter ll^ the tfiMigfa, tb^ tiie 

fphere 
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fpiMftrt fpight move tii it without ft'idtion ; for, being thus 
ibrfnerl, it Ibllbwsi froKi the 1 Sth bf the third booh of Eudtd, 
that the fphere could never touch the trough but in one point 
ftlone at the fame time. A third method of confiniAioo 
to place a cjltndrtcal metallic rod, or thick wire, bent into 
the parabolical curve before directed, in the fame poiilion as 
the above tube and trough ; with a fpherical weight pul on it 
fo as to move freely along it, which lali might be effedled by 
a frifiion-roUer, either let into the upper part of the weight, 
or placed above it, vf hofe furface (liould be formed into a cir* 
cular groove of larger diameter than the rod. 

Thofe iad conflrudlions feem to me to have befides the far* 
ther advantage, that any dilation of their parts from change of 
temperature, could only lengthen the tubes or rods, but would 
not alter their (hape, on which alone their properties depend ; 
which circumftance might perhaps make them even more ex- 
a A than (hat propoled by Huygen«, the firings, or appending 
part of which, would certainly vary in length ; which, though, 
from the before-recited theorem, it appears to be a matter of 
little confequence, yet Huygens feems to hint that it would 
be of fome, by recommending the ufe of fine chains inflead of 
firings (that their length might vary the lefs), in lliefe words; 

" /n locum fill catenulam tcnium exauro, aliove metaUo, adki- 
bcrc hcebit, quo melius invar iata fervetur longitudo,** 

There has alfo occurred to me a fpecics of ofcillatory pen- An ofcillator} or 
duluro ; which, as it appears to have the fame property as thofe 
lad mentioned, (of not being atfefted by the expanfion of its 
materials) I diall here deferibe: It con fills of a cylinder of 
hard metal, A ffig. 4,) turned very true and fmooth, placed 
fo as to roll back and forwards alternately, in the cycloidal ca* 
vitj^B, cut in a block of hard metal alfo, and well poliAied : 
the communication of motion between the rolling cylinder and 
the clock work tp be effefled by the rod C, fufpended by its 
upper Extremity, and conne61ed with each extremity of (he 
axis of the cylinder by the joints D D : The diameter of the 
generating circle of the cycloid being half the length of a 
pendulum rod, which vibrates in the required litne, and the 
cycloidal part well levelled and firmly fudained. It feems to 
me (hat tta cylinder At when put in motion, will ofcillate equal 
times on its cycloidal fupport ; and, (as the expanfion of the 
latter will not alter its ihape, on which alone its properties de- 
pend,) 
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pend J tbet the refak wtH be the fiiflie in etrety difietent tem* 
peratote^Bmey aifobe formed of taro eycloidil ptales, baaing 
circular grooaet hdloared ou their edgea^ and A have twO 
projecting circles tamed on it to run in thofe grooves ; the me- 
thod of connecting A with the clock-work may alfo be varied 
many other ways. 

Concerning fric- Before I conclude, I beg leave to obferve that the method, 
•lo»» before mentioned, of preventing friClion in the mo€top of the 

fphere^in the parabolical trough, might be applied very bene* 
ficiaNy in the conflruClion of rail roads, by forming the upper 
part of the rail of a femi-cylindrical (hape, and making in the 
edges of the wheels, (which were to run on them,) circular 
grooves, whofe diameters (hould each exceed that of the rail ; 
in the ufual way of forming rail-roads, the lateral friClion to the 
wheels is very conliderable, whether they have flanches to 
them, and the rails are made plain, as in the Swanfea roads ; 
or the rails are formed with riling ledges, and the wheels plains 
as in the Croydon road. 

The circular I lhall allb reqneft permilRon to mention, in addition to your 
re'ulat^of^^ Pfony's condenfer of forces, that a regulator might be 

movers* feilned on fhe principles of the circular pendulum, as Fig. 3, 

which would temper the motion of wind-mills, or other en- 
gines, and rea6l on them in return, (as well as the fly wheel)^ 
in a much more fimple and effedtual manner than the very com* 
plicated apparatus deferibed by Prony for the fame purpofe, 
and whidi Teems to me moreover peculiarly Tiable to be broken 
by any fudden increafe of velocity in the mill, iinlcfs formed of 
moil cumberous flrength* 

I requefl the favour of having the following typographical 
errors noted in fhe paper on my tallow lamp. November, 
1804, page li?, line the eighth, for the word frt/k, lead 
freely ; and tine the 25t|i, fame page, between the words 
vteamr and horizontal, infort the letter P. In the plate alfo, the 
pan (bould be deeper and larger than there reprefen ted^ and 
the tallow holder more central. 

Jam, Sir, 

Your very humble fervant, 

J* WHITLEY BOSWEiX. 


Tltf&rence 
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Rtfermet to the Figwei. 

JKg. 1. An exttd c6pf of the figure of Httygeus’fciiwhr 
pendulum, from the Horologium. BG A, the edgl^ of .the 
ptitraboloidal lamina : F £, the parabola produced by ill ibeatis : 

F, (he ball. 

fig- 2, The firft conftruftion propofed in place of Fig. 1. 

AC, the parabolical glafs tube ; A, the mercury: C, the air- 
vent : BB. the enclollng circular vefle! reprefented in fedlioti. 

Ftg- 3. The third conftru^ion prdpofed inftead of Fig. 1. 

AC, the metallic fod bent into a parabolical figure: B, the 
fpherical weight : V, the roller on which it moves along A C : 
the parts in this figure are reprefented double, to (hew thebefl 
method of adopting this plan as a regulator for wind-mills and 
ether engines. 

Fig. 4. The propofed conftru6lion for an ofcillatory pendu* 
lum, which, it is imagined, will not be aflefled by change of 
temperature. A, the ofcillating cylinder: B, the cycloidal 
fupport. 

hg. 5- A feAion of the trough mentioned in the fecond pro- 
pofed conftruOfoD, with thefphere in it. 

Annotationto W. N« 

Pyrometers,p. 74.] The common pyrometers of the (liopsareTfae bed pyro- 
indeed liable to the obje^ions of our author ; b ut ingenious 
have long ago obviated them in their experiments. Deluc, in refulti. 
the Philofophical Tranfadtions for 1777i gives a method of method* 

certaining the relative expanlions of two different metals by 
heat. He fufpended one of the bars to an arm proceeding 
horizontally from an upright deal plank, and he fupported the 
other bar by refting its^lower end upon a fmall cock or flage 
proceeding from the lower end of the former. A microfcope 
was attached to the plank in fuch § manner that, while it was 
conftanlly fupported by an horizontal arm, it could be moved 
fo as to keep the laft mentioned or (landing bar in the focus of 
radiation for diflindl vifion. Heat was applied to the bars, 
and the microfcope was dire^ed to a point on the (landing bar. 

When by repeated fliifting the microfcope a point was found 
which was neither raifed nor depreffed by the changes of tem* 
peratui^; the refpeAive lengths of the ^rs were inverfely as 
their eapanfive powers. There was no mechanifm, and the 
plank Would remain at the fame temperature during the ezpe« 

riments. 
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riments^ or inig^lU be kept fo by meeiiy fimilar to tboCe pbinCed 
out by our iiigianioas atitoor, or his block of flooe UMf 
have been ufpd. 

That great artift Ramfclenii whofe mechanical fkill and 
clearnefs of intellect were fo variouily difplayed in his works, 
and flill more in his converfation to thofe who remember and 
regret that . he has recorded fo little of the refults of bis labours ; 
thisartift firti availed himfelf of microfcopes for afcertaining tlie 
terminal points of the fubjedt under examination by bis pyro- 
meter ; and the interval between one microfcope and the other 
was rendered permanent by fixing them to arms proceeding 
at right angles from a bar of iron« kept at 32^ by furrounding 
it with melting ice. Phil. Tranf. Vol. LXXV. 

Lajili/, another error ^ p, 74.] I believe thefmallfpring and fim- 
ttwiining grid- pie bar part, if any beneath the gridiron, are always taken into 
non pendulums. account. Thefe pendulums have not unfrequently been 
fubje6ted to a6lual examination. An old friend of mine, Mr.. 
J. H. de Magellan had an apparatus* of tin, (Anno 1784) in 
which he incloi'ed the gridiron when to be examined. It was 
hung by its fpring to an arm fixed in an upright plank of deal 
wood, againfi which plank were attached thermometers to fhevv 
its fleadinefs of temperature; and from the center of ofcilla* 
tion proceeded a (temporary) rod| the end of which pre- 
fented a dot as the objed io be viewed through a microfcope 
duly attached to the plank. Without dwelling minutely on 
this apparatus, I need only obferve that neither the arm of fuf. 
pention, nor the fupport of the microfcope, nor the rod from 
the center of ofcillation had any parts but fuch as were paral- 
lel to the horizon, while the pendulum itfelf w'as perpendicu- 
lar to it, and confequently that no error could arife but from, 
expanfion in the plank, which remained at the common tem- 
perature; and that the tin apparatus whicli covered and enclofed 
the pendulum had only three opening, one at the bottom, one 
at top, and one through which the rod from the center of 
ofcillation pafTed, without touching the Tides. In the experi- 
ment, (learn from boiling water was admitted below, apd wfaeii 
the heat was (b railed, and the fupply kept up, that uncon. 
denfed (leain efcaped above the pendulum was judged tP at 
212^, and if the center of ofcillation continued befpre the. 
microfcope without either rifirig or falling, the compenfation 
was ponfidered as complete. 

Mr. 



bJiffifri YioothMi*! 

iMt Vi^M ihanifkVda^tiie 
ofitfindthe ex^ed^'entsKfc is makini^t Ihe wiii^d 
it ilRffwisH its i^irfidie wflli fucb ^eility dtitf pret*lfion 
nottr to Ml great fkiff in tbePe fubjeAs, 

(Xrtutdr PikSuluni Ituygem,] The dilhcaltiei' attending KsmsHcf on 
the coeftreAidlh of this pehaulam feem to be principally in the 
ftrlhg or idhiin. Perhips fine metafffd wire ^ight deferve the'*^ P«“ “ * 
prefereitee. ft woatd not probably be difficult to bring th§ 
curve A S fttfficibMIy tfear ||i4true figure to anfwer its g^nbral 
purpofe, through the chants of force' in the firfi moVet‘V and 
of refiftance in ^he air. PraAical men have not thought the 
cycloidal cheeks applied by Huy^ensy and fince hjm by others^ 
to the common pendulum, of any utility; but have rather di« 
reAed their attention to fmall vibrations, or an equalizing of 
the firft mover by periodically detaching the train. Huygens 
himfietf alfb propofed this expedient. It is generally admitted 
to be an advantage that the regulating inftrument, whether pen« 
dulum or balance, ihould perform the greateft part of its mo- 
tion unconneAed with the train. The circular pendulum is 
conftantly fo cdhneAed. 

As the ingenious author has pot detailed his reafons fdr Whether It be 
thinking that pendulums of this kind will not a^sAed'by ^ 

change of temperature, I would (imply remark (hat it does not temperature, 
appear to me why an expanfion of the firing (Kould not caUfe 
the pendulum of Huygens to revolve more fiowty, or that aii 
expanfion of the curves in the other figures Would hot diml- 
ni(h their curvature and produce the faihe retardation. 

The tube may be enclofid in a circular veJ/bL] As the refifi- Oa the method 
ance of the air will vary nolefs than a tenth or a fifteenth part 
accoiding to the fiation of the barometer, we might 
time {fiecM to^be confiderably affbAed hy its irregufaHty.' lii 
ftfironomical clocks, with heavy pendulums and (hort vibra- 
tioiisi ibfs quantity is extreiheiy minute,' as is proved by^ their 
very cbiteA performance. But' there are faAs attending the 
p^^i^ahce of c^ur beft portaUe chronometers, yvhich (hew ^ 

that not in them jin inccMifiderable;<d;[jeA» .Several years 
ago I eqterteined a notion that the refi^ce of the air might 
he rendered equable, or in fa A done away; l>y boxing ttptb# 
balance, as j« here propofed by oar author. But fittt hit 
own excellent paper on the blaft v^^hifur Slfcrtdd in the 
Voi. X.—- FaiRVAaT, ia05. G fourth 



fourth vafotBe tp^rU^foriMuf tbit Jfocptl# m w(||||: as 

froroihoTe^^fefliit Veiilori, infortiNi in foitlt I 
learned lateral readion of ibeatr, 

putim tiMAion by boctiet paffing tij^ough k, mail a&A^dlKir 
movementt. From this caufo the value of the contriwice 
wiU undoubtedly be diminifoedi but I (think not ^one away. 
I beUeve the famous pocket tiine**piece made about ^ ym 
J784, by Emery of Charing-Qro(ii> for the Prefident Stfon 
at Paris, had its balance boxed up; but as 1 fpeak pnly; from 
recoUedton, it is quite as probable that the wMe mcntaaent 
was enclofed in a cap or cafe that fp by a fecret catch. 


e 
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Analytical Experiments and Obfervations on Benzoin^ % 
William Brands^. Communicated by ike Author.^ 

Benjamin of The fubftance which forms the fqljed of the following 
ewmbcd eXperimeists, and which is generally termed Gsm-Benjamin or 
Benaoesy may be enumerated, among thofe oi^eds, which till 
lately, have but little engaged the attention of chemifis. 

Mr. flatchett''s We are indebted to Mr. Hatchett for almoll all that is as yet 
ezptriments. fcnown, as to the chemical properties of the refins, gum-refins 
and balfams; and as the fubfiance in queflion, had not been 
examined by that gentleman, 1 was induced to make the fol- 
lowing attempt. 

Benzoin it ob- Benzoin is obtained by incifions made in the tree called Styrax 
temsbc?* JBcasoe f, from whence the balfam flows, one tree fcarcely 
^ ever yielding more than three, or at the molt four pounds, 

kinds: BcMOin is gMimlly divided into two kinds; the ppe is 

viz. benzoe fomted of whitifli yellow tears, refembling almonds, united 
nn^gdalmdef, . * o » 

znd *• 

* The following experiments wen made merely with a view of 

aibertainidg the eflWtsof diflereut menftrua on benaoix; butts the 
aftion of fome of the adds^ &c. would have been mueh left sn- 
terefling^ Without a knowledge of the component parU of fke bal- 
fam, I was induced to make fome analytical experiments, which, 
though I fear they are by ao mcani fo accurate m tbeyoo^ to be, 
wifi, I hope, flill be found d Ame ufe. 

t Dryander has given a defcriptioa and drawing of thte tree, widr 
Phil. Tuns. 1787. pi307. 


together 
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ffMM€9 of the (me iietHN^ ii 4il* 
tillp^ieA bene^ ia^gdaloliieib / v • . . 

Thec^berheliiownf^^ famewhelfie^^ 
iim lefiii, hot peffisffing in other lefpeAif the feme ^teelltief 
the former; it is celled common betteoiii. 

The difierence between thefe two (pecies is find Idartrefrotti CseA ef this 
the latter having been expofed^ for a length of time^ to the^^^"*®*** 
fun, which C 9 nverts the white beneoin into the brown. 

< The bensoirt .of the (hops is ufually in very large brittle Benalaer the 
maflbs^ and foch as is whitefti and free from extraneons fob-^^* 

(lances is the, mod efteemed. It grows in Sumatra* and it 
brought from the Eaft Indies only. 

When chewed^ it imprefTes a flight fweetnefs on the palate; Tatt. 
it has however but little tafle. Its fmell is fragrant and very SaeS* 
agreeable, becoming much more pmoeptible when gently 
heated. 

When thrown on hot coals it flrfl fufes, then takes Are, emit- Effiiai of host , 
ting at the fame time a ftrong penetrating odour. Its fpedfic? ^**^''* 
gravity, i^ording to Brtflfon, is 1 .092. * 

Gren enumerates it among the refins *, as do moft other 
authors pf his time ; it is however more properly denominated 
a balfam, fince it is a combination of refin and beiiasoic acid. CwpofeA of 
We (hall firft examine the effisfis of diflerent menftroa on mAhmada 
benzoin, and then proceed to its analyfis* together with the 
methods of obtaining benzoic acid. 


Effeda of different Menfirua on Benzoin. 

1. Cold water has but very little efled on benzoin; boiling B^a* af wstii 

water however extredts a part of its acid. ®® hensoin. 

2. Alcohol diflblves the whole of benzoin when digefled Of sloohol. ^ 
wiih it in a very gentle heat, the impurities remaining b^nd. 

The folution is of a deep yelloi^c&lour, when perfbAUy fatu- 

rated, Incltning to reddilh brown, and poffisifing in fome degree 

the fragrant fmdl of the balfam, whidi may be obtained pure, 

either by gentle evaporation of the folution or by the addition 

of water* when a white powder precipitates, frifmerly known * 

by the name of mftgiftery of berizoill. J 

The afiions of the acids on the foludon of benzoin innloebol, A^oa of tbs 
m vmjr deferving of attention. 

«Handbuch, ( 1174. 2nde<Aden« 1794. 

0 2 A. Muriatic 
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Of muriatic acid. A. MuriAlio Acid bghl^ idded, b wliite curd fifof modi sAd 
when three parl|of aetd^igid due of the folution are heatedly 
, getbar, the balfam is rediflblved; which 

faparaieft mi^the mixture coers, while the remainder is converted 
into a black brittle fubfiaiice when cold, part of the benzoic 
acid having* been diffipaled by the heat and part dilTolved, feme 
of which i'eparetes in the form of a white fcum, as the mixture^ 
cools, together with the benzoin. 

OfeCiil(ditiik B. Two or three drops of fulphuric acid add^ to the aU 
coMic folutioni occalion a white precipitate, which difappears 
on the addition of a fmall quantity more of acid, the mixture 
afFuming the appearance of port wine. 

If however equal parts of the fblution and of fulphuric acid 
be mixed together, a dark pink precipitate is formed, the fluid 
becoming likewife of the fame colour, but the addition of 
water changes the whole to a lilac colour. 

On evaporating a mixture of equal parts of folution of ben- 
zoin and fulphuric acid^ the liquid retains its beautiful red co. 
lour till towards the end of the procefs, when it becomes gra- 
dually darker, and if the evaporation be carried on to drynefs 
a black coaly fubfiance remains, a decompofuion d* the balfam 
having, taken place. 

ield. C. NHric acid added to the folution of benzoin in alcohol 
forms a dark redfiuldi and when equal quantities are mixed, a 
violent effervefcence takes place, attended with the emiffion of 
much nitrous gas. It .muft be obferved that in this in (lance, 
no precipitate is formed, which proves that the balfam is folu* 
ble in nitric acid. 

scetpvtaciti* D. The effects of acetous acid do not exceed tbofe^of 
water. 

Of acetic acid. E. Acetic acid forms a precipitate when added to this jjp* 
lulion of benzoin. The efforts produced by acetic acid on 
benzoin will be noticed hofe^er. 

Of the alcalies. F* The alcalies form no precipitate in this folution of ben* 
zoin^ although^ the mixture in fome cafes becomes fomewhat 
turl»d« 

AdMtn of 3. Ether dtOblves benzoin with great facility, the balfam 

edieron benzoin, feparated, when this folution isagitated with water, 
lims of the Tbe cffiefis of the acids on this ethereal folution, fo nearly 
acids on this <;oincide with thofe produced on the folutioti in alcdhid, that’ 
Ariiitioa. j ^ ^ detailed account of, them. 


4. Nitric 
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acid |>twiiJce»a viotentcflcri^fcelice^hiJiirP^^ jii« 

lipih'Jffev^ttefrcdlien the balfam being filftfe*' ^ 

cthivefted into ah orange coloured mafs. 

Six ounces df nitrous acid, of the fpecific gravity of 1.36 Solution, 
being poured on one hundred grains of very pure bennoin re« 
duced into powder, tlie mixture being gradually healed in a 
fahd bath till it boils, a folulion of a light yellow colour is 
formed. The folution thus obtained, depofils a fmall CjuantHy Scparatl>n.tff it l 
of benzoic acfd, as it cools : this quantity gradually increafes, 
till after fome days, the whole of the benzoic acid appears to 
have been feparated. 

This fadl was firft obferved by Gottling; he does not how- obferved b| 
ever feem to have obferved that the whole of the balfam is fo- ^°“*'”** 
luble in nitric acid. 

A. When the above folution, recently made, is poured into 
water, the benzoin is precipitated, apparently unaltered. folution, 

H. Sulphuric acid caufigs no alteration in this folution. of fulpburic 

C. Muriatic acid forms a white precipitate which is re- muriatic 
ditfoived on the application of heat, forming a bright yellow acid, 
liquid, which is a folution of benzoin in nitro-muriatic acid, Sol. of benzoin 
and in which no precipitate is formed either by water or the “ 
alcalies. Its colour is converted into dark brown, when eifi- Ededts of witer 
cefs of potafti is added. 

5. When fulphuric aCid is poured on pulverifed benzoin, an mur. folution, 

cffervefcence takes place; part of the benzoin is 5 ® 

forming a deep red liquid, and at the fame time a coaly fob- benzoin, 
fiance remains on the' furface. Sulphureous acid gas is difon- 

gaged during the folution. 

A. The alcalies form no precipitate in this folution, till after of the 
fome hours (landing, when a dark coloured precipitate is formed, folution^" 

£. Water produces a lilac precipitate in the recent folution. of water. 

6. Neither muriatic nor aceloasoaeids have any effed on Effeas of mu- 
benzoin. 

« tous acids on 

7. Acetic acid diiTolves benzoin, even in the cold. The benzoin, 
folution formed by the affiflanoe of heat becomes very turbid 

on cooling, owing to the reparation of the benzoic acid. • 

A, The alcalies form a white precipitate in this folution.-— Effeds of the 
The precipitate formed in the alcoholic folution, M J folution!" 
is re-didTorved after fome hours (lauding. 

8. Acetic ether diflolvet benzoin, without the af&flance of of^ecetic 

zoin, 

9. When ^ 
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SffeAa'of the 
acidg on thefe 
CBlutiotts. 
Sffefiiof am* 
anoiuionbea* 


9, Wh^. a idling lixivium of pure potsA n f Wli eB ^ 
bepxoin, g is imaiediately formed; faM dR»ftii 

produced vrhtn pure foda is made ufe of^ Thefe felutioiMi Wi 
of a dark brown colour, and become turbid after feme days 
expofure to the air. 

Precipitates are formed in them by the acids^ which are re«f 
dilTolved on the application of heat« when nitric or acetic acids 
are added in excefs. Ammonia likewife dilTolves a froall qoan* 
tiiy of benzoin, from which felution it is precipitated by the 
acids. 

Xlfedlf of witer No alteration is produced when the ajcaline folutioni are 
Urgely l^ilh water.* 

§ II. 

ANALYTICAL EXPERIMENTS ON BENZOIN. 

Dijiillation qf Benzoin. 

One hundred grains of very pur^ benzoin were put into a 
glafs retort, to which a tubulated receiver, and pneumatic ap- 
paratus were adapted ; a very gentle beat was firft applied, 
which was afterwards gradually increafed, till* the bottom of 
the retort became ned-hot. The products thus obtained were 
as follows. * 

Grs. 

Benzoic acid - - r - - - 9. 

Acidulated water . . • • . 5^5 

Butyracepus and empyreumatic oil , - - 60. 

Brittle coal • r • - - - - 22, 

And a mixture of carbonated hydrogen and car- 
jbppic acid gas, which may be computed at * 3.5 


DlftiHftion of 
hensoin* 


Component 
ptrts of ben* 
foin. 


JOQ.O 

The quantity of benzoic acid above mentioned is that which 
may be feparated by fublimation only, for on treating the oil, 
/which amounts to 60 grains) with water, five grains more of 
acid may be obtained, fe that 100 grains of benzoin contain 
• Oil - - • 55 

Acid . • 14 • 

^ For an account of Mr. Hatchett's experimenjts on the refins, 
gum refins, and balfams, fee Thompfen's Syftem of Chemiftpy, 2d 
l^ition, FoL tV. page 305. fer the refine and billams tp page 328. 
^nd from page 341 to 347 for the gum refins* 


The 
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^Tili»gmtefl;*qnantity of benzoic acid is obtained by 
tais liKMhedi wbieb confifls in difiilling all (he prAdufls over 
together, and feparating the acid by means of boiling water. • 

The acid, however, thus obtained, is by no means fo pure Scheele*s pro- 
as that procured by Scheele's proc6fs *, which is certainly fiir 
preferable in many refpefts. 

Another way of obtaining the benzoic acid, is that recom- Gottling’i pro- 
mended by Gottling. It confifts in digefling (he balfam, in a bcnsoic”*" 
gentle heat with carbonate of potafh and precipitation by ful- acid. , 

phuric acid. Gren made ufeof carbonate of foda: but it muft Gren’s proceb* 
be obferved that in both thefe procefle«, the acid is by no 
means fo pure as that obtained by Sdieele's method, becaufe 
a far larger proportion of the benzoin ilfelf is foluble in the 
hxed alcalies, than in Hme water, (the latter only diflblving a 
very froall portion, to which its brown colour is owing) and 

• Scheele's procefs is as follows : •* Upon four parts of unftacked 
lime pour 12 parts of watci*, and after the ebullition is over add 96 
parts more of water; then put 12 parts of finely powdcicd benzoin 
into a tin pan ; pour upon it firft about fix parts of the above milk 
of lime, mix them well together, and thus fucceflively add the reft 
of the mixture of lime and water. If it be poured in all at once, 
die benzoin inftcad of mixing with it, will coagulate and run to- 
gether into a mafip. This mixture ought to be boiled over a gentle 
fire for half an hour, with conftant agitation j then take it from the 
fire, let it ftarid quiet for an hour, in order that it may fettle ; pour 
off the fupeiiiatent limpid liquor into a glafs veflel. Upon the re- 
mainder in the pans pour 96 parts of pure water, boil them toge- 
ther for half an houi, then take it from the fire and let itlcttle; 
add the fupeinatent liquor to the former $ pour upon the refiduum 
iomc more water, boil it as aforefaid, and repeat the fame piocels 
once more. At laft put all the refiduums upon a filter, and pour hot 
“wafer feveral times upon it. During this procefs, the calcareous 
earth combines with the acid of benzoin, and feparates it from the 
refinous particles of this fubftance. A fmall quantity of the refin 
IS difiblved by the lime water, whence it acquires a yellow colour. 

All theie clear leys and deepffions are to be mixed together and 
boiled down to 24 parts, ^ which are then to be ftrained into another 
glafs veflel. After they are grown cold, muriatic %cid is to be 
added, with conftant* ftirring, till there be no further precipitation, 
or till the mafs taftes a little fourilh. The benioic acid which was 
before held in folution by the lime, precipitates in the form of p finf 
powder.” Vide Thomfon's Chemiftry, Vol. II. page 123. 


whicii 
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which is precipihl^ed by the diluted fulphuric acid* Thf fd> 
loviripg table l^ewt the quantity of benzoic aqdi o|bt«i||||i IqI 
the different proceffes, from obe pound of benzoin. 

Ose Dr. Scr. Ortf# 

Schee{|e^8 procefs - • • -162 19 

Chaptal*8 - - - - - 2000 

boiling benzoin with water - - 1 0 0 10 

By Gren’s and Gottling's proceflfes - 1 5 1 10? 

The acid of Benzoic acid is defcribed by Blatfe de VigenerOp as long ago 

defc^^db^^ as the year 1608, in his treatife on fire and fait; he called it 
BUifede flowers of benzoin, becaufe it was obtained by fublimation. 
Vigenerc. are indebted to Tromfdorf and Lichtenftein for many fa£ls 

relating to this acid. 

properties of the Acid of Benzoin, 

This acid when obtained according to Scheele's procefs, is 
Tafte of the ^ yellowifh powder. Its tafl^ is hot and rather bitter, 
acid. It pofTcfTes a foiuewhat fragrant fmell, arifing from a fmali por- 

Smelle aromatic oil, which flill adheres to it, it has how- 

ever been obtained without any fmell by Giefe. 

Properties In It reddens tin£lure of turnfole. It is volatilized by a gentle 
general. being converted into a white fmoke, which excites a 

very difagreeable fenfation in the throat. When melted, it 
becomes as fluid as water, and aflumes a radiated furface on 
cooling. Its fpecific gravity is 0.667. 

Pecompolition. When diflilled in cfofe veflTds, a part of it is decompofed, 
w’hich is converted into oil and carbureted hidrogen gas. — 
EflFbasofoxigen Xromfdorff found that it was not altered by oxigen gas, nor 
the Ample combuflibles or incombuftibles. 

Of fulphuric It is foluble in fulphuric acid, which it converts into a brown 
liquid, and from which it is feparated by the addition of water. 
Of nitric and The fame efifeAs are prodaced by nitric acid, and by fulphu- 
nitroui^cids"** nitrous acids. It is not aAed upon by muriatic, ox- 

Effeas of mu- ymuriatic, or phofphoric acids. It is eafify foluble in alcohol, 
ruuc acid, dec. flon^ which it is precipitated on the addition of water. Its 
• 

* of pure acid^ obtMtd by treating the precipitate with boilipg 
water'. ' 

i See TromldQrf’sn^ramti nn de henzoicacid^jn hii JouniaJi 
dkr'Flxtmacie/ ' 

t 
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iflokiffi appMT to be at follows:*— White ootitfo tff erfenic. Its afllnitits. 
foi^ ammonia, barytes, lime, magaefia, s^umiiKiu 

Properties qf the Oil qf Benzoin* 

The oil obtained by the diilillation pf benzoin poflefles a 
flrong empyreumatic odour; but when reSified by a lecond 
diftillation, it^ fmell is exceedingly fragrant and pleafant. Its Smell ae4 ttie^ 
Ufte is acrimonious and very difogreeable. 

, When difitlled with water, it imparts fome of its lafle to Imparted to 
that dei4* It if perfoAly folub^ in alcohol, the folntion 
coming turbid when water is added. alcohol." " 

Sulphuric acid decompoies it in pari, when the mixture ItAaion of fut- 
heated. Nitric acid ads on it as on the elfential oils in gene- 
ral, converting it into a rehnous fubfiance. It ig not aSeded Of muriate acid, 
by muriatic acid, but is partially foluble in acetic acid. It ^ the alcaliea. 
finks in water ; and forms faponaceous compounds with the 
alcalies. 

Such are the general jjlroperties of the acid,, and oil of ben- 
zoin, much more might undoubtedly befaid conperniog them; 
but as the foregoing experiments, were not made with a view 
of invefiigating their properties, it would be unneceflary io 
give a long account of them in this place. It mud be obferved 
that the pured benzoin has been made ufe of throughout; and 
ladly, that no traces of alcali, were fon^id in the coal which 
remains after didillation. ^ 

A rlingion^Streei, 


IV. 


On the Devitrification qf Glqft and the Phenomena vshich hif^ 
^ pen during its CryfialUtation. By Da xtiguzs. 


(Concluded from Pg|e §4.) 

W^HEN clear glafies contain a certain quantity of a neutral loi^rfedl 
(alt which the fire has ^tj^had time or forqe to diffipate, 
often happens, during flow cooling, that the appearapeps, 
called greafe, threads^ bobbles, and f^k,^ are fpontanfOiifly 
ind Ijiiddenly formed. 


*Thi8 table o^a^gitjes wa^ formed according to the egperimeaSt 
of Tromfdordl Vide Thonifon*s Syftems of Chemillry, Vol. II. 
page 12(). ^nd edition, 

Thefo 





Tbefe acekl^8»< th4»r different ceufes 'end ^eau^ies^ 
trealed et-lef^th in the firit pert of my work, where I fpeek^ 
of the fending of glaff ; but though the explanation of thefe 
fads entirely belongs to the theory of devitridcation, it will 
be fufiiclent in this place to mention the phenomena which 
arife from the prefence of the different earths. 

Cryftillisatlon Colourlefs glaffes contain more or lefs of lime, for the rea^ 

of lime in glafs, which I have mentioned in fpeaking of the different com* 
pofidons of glafs. This ltme« when in excefs* cryftab 
very well, as Loyfel rmnarks : ,they are eadly known, and fo 
abundant, that they abfolutely impair the tranfparency : they 
are prifms, which feem to float in the midfl of the pafte of 
glafs^ and tend to unite in ilars differently figured: thefe 
prifms are all nearly of the fame thicknefs, and two or three 
• millimetres in length (about one- tenth of an inch), 
in large maffes. When this cryftallization takes place fpontaneoufly upon 
large maffes at the bottom of the furnace, the coloyr of the 
glafs becomes darker, and inclines to black, by. the mixture 
of a certain quantity of the atbes. The firiated flars here 
fpoken of, become more numerous, the more remote they are 
ffom the fide in contad with the fire. Cryftalliaalions at firtl 
infulated, are feon fuccmaded by a mafs entirely cryflallized, 
in which the vitreous charader is no longer diffinguifliable. 
Modified cryfbl. Thefe are the mod common charaders of cryfialliaation ; 
lissdonBin glafs. others are frequently feen, which are certainly owing to 
accident, and well deferve notice on account of their va- 
rieties*. 1 have fome pieces of glafs in which cry flats are 
difcernable, fo fine, that they can fcarcely be feen with a mag< 
nifier. They are prifins divergent from the fame center, and 
forming flars, which frequently do not exceed one millimetre 
(or half a tenth of an inch) in diameter : their uniop refemblss 
a flight mill in the pafle of ^he glafs. 

Some pieces have the afped of a ISUine crufl applied to a 
foreign body, againfl which the glafs was in contad. , In 
fome of thefe this cruft being compofed of firialed protube? 
ranees, appears to advance molt fnti more into the glafs 
• itfelf. 

Laftly, there is anodier variety per^ps more curious than 
all the reft, in which centers, or eryflu^lizations refembliog 

♦ Mr. Sage poffeffes a piece of glab cryflaUised in fix-fided fia^ 
faitic prifins, totally devioified. 

peasi 
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pe*>, and almoft fimilar to gmin, are feen in (he mfdft of the 
pafte of ghfi. They are finall fpheres flattened a( eaeh end 
with an indentation in the middle of each depreffibn. The 
(ides have fecetts, like the grain of Indian nafiurtiunit and 
thefe fafletts are always fix in number. 

I intend, when I fhall have procured a fufficient number of 
this fingular fpecies of cryftal, to analyze it, in order to de* 

(ermine which of the earths it is that effe£ts fo extraordinary a 
form. 

I have thus given a fiiort account of the principal fa£ls 
which characterize the precipitation and cryfiallization of glafs. 

It is evident that they are of the fame naftire as thofe produced 
by the cementation pointed out by Rmtumur ; and that this 
cementation is always a more or lets abfolute devitrification of 
the glafs. 

When the glafs is devitrified, ik has no longer a vitreous RecapituUdon. 
but a granulated fraAure ^ it has no tranfparency, and perfectly 
refembles a flone ; it becomes a lefs bad conductor of beat and 
of eledricity ; laftly, it is no longer fufceptible of fuiion at the 
fame degree of heat; and in order to refiorc it more eafily to Re vitrification, 
the vitreous fiate, it mufl firfi be pulverized, to bring into 
contact thofe fubfiances which, doriiy the cryfiallization, had 
become feparated from each other, and could no longer ferve 
as fluxes to each other. 

1 hope the novelty of many of the fads I have here indicated. General concIn» 

and the confequences I have drawn from them, may be fuffi- sppHca- 
• I • 1 -I r 1 r I • . . non rogeologjf. j 

ciently intereftiiig to philofophers to have tome claim to their 

attention. I have no doubt but that other general inductions 

will prefent therofelves to them which may have efcaped me, 

or which could not be introduced in a fliort memoir. The 

^resemblance of my fpecimens of devitrified glafs with thofe of 

certain lavas ; the poffibility that other lavas may have under* 

gone a more complete devitrification by a much flower cooling 

beneath the volcanic currents which are know n to have flowed, 

or to have remained fluid for whole years beneath congealed 

crufis ; — every faCt leads me to think, that thefjp phenomena 

may afford a folution of many geological events, couceriiing^ 

which no general opinion has yet been adopted, becaufe there 

was no reafoo to believe that fiones may have formerly pof* 

faffed the vitreous fiate. 


Zip/nr 
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V. 


Zttter from <i CorreJjjortdeni, relating to the apparent FeJlcStion 
qf Cold and the Invention oj the Tekfape, as noticed bjf Sir 
11. C. Englefield in lajl Month*s JournaL 


SIR, 


To Mr. NICHOLSON. 


In ju(ii< 


I of cold. 


ice to ProfeiTor Pi6Iet, I Iruft you will have the good- 
nefs to infert in ypur next number the words of a note in his 
Effai de Th^ique^ P* wliere he defcribes his experiment on 
the apparent reflexion of cold : 

Apparent reflec- Let Academiciens del Ciroento avoient ejfaye de concentrer 
k froid au foyer d'un miroir concave ; mais iU avouent eux~ 
mSmes, quc leur erpMence avoit elS fuite d'm maniere trap in- 
exaSte pour qu'on put en ri^ conclure de certain J' 

Perhaps Profeflor Pt6iet fpeaks toodightly of the experiment 
of the Academicians ; but fo far was that experiment from 
being forgotten, that the account of it has been very lately 
reprinted in the firft volume of the Journals of the Royal 
Iniiitution, p. 22^; a work to which your correfpondenl, 
who has revived the fibjed (page 1 of your laA Number), 
has himielf contributed Tome valuable papers. 

With refpedt to the invention of the telefcope, give me 
leave to obferve, that perjpicillum means fimply the fight of an 
aflronomical indrument, having a fmall perforation. If the 
comet in quedion was furrounded by a fmall round and well-, 
defined nebuloiity, fuch a fight might eafily produce the efiedl 
attributed to it. A telefcopic fight is ufually called perjpi^ 
ciUutn ’vitreum, Galileo fays, in a work publilhed in 16]ip, 
that he was informed of the invention of (elefcopes about nine 
months before. Kepler vfrote, in 1611, a valuable work on 
the theory of dioptrics, in which the confiruAion of (be adro- 
nomical telefcope is deforibed. Had he been the original in- 
ventor of the Galilean telefcope, he would not omitted this 
opportunity of fobdanUaling his claim to fo important a dif- 
oovery. 

Tam, Sir, 

Your very obedient fervant, 

ALEXES, 

Fo&m 


Kepler did not 
imnsor know 
•£tkc telefcope 
MasOdileo. 
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VI. 

Fafts tending to decide the ^uejiion, at xvhat Point of Temperature 
IVater pojjbjfes the greatejt Denfity* In a Letter from Mr* 

John Dalton. 

To Mr. NICHOLSON. 

SIR, 

A.CCORDING to the dodrine in moft of our books 

kig of the elements of chemical fcience, it is confidered as a denfeA at 

decided fa6l, that water is of the greateft dendty at or near 9:c. 

40^ of temperature of Fahrenheit's fcale ; and that, above or 
below that temperature, it expands alike by heat or cold for 
a certain number of degrees. I have taught ® 

trine for forae time paft ; which is, that water is denfetl at the poSoc 
32°, or the freezing point, and that it expands alike above den- 

and below that point for |it lead 2.5*’ (provided it does not^^^* 
freeze), and that (he quantity of expantion is as the fquare 
of the temperature, reckoned from 32^, up or dow'n ; that 
is, if the expanfion from 32 to 42° be demoted by 1, that from 
32 to 52^ will be denoted by 4, and that from 32 to 62** by 9, 

4rc. or nearly fo ; the deviation from firidt accuracy being, 
as I conceive, occafioned by the mercurial thermometer not 
being an exadt meafure of temperature: the expanfion at 22^ 

AS like wife 1, at it is 4, and at 2^ it is 9, the fame 

below as above the freezing point. In confequence of thi«, E^pwimenti 

a gentleman of profeffional eminence has undertaken to exa- 

mine the fubjedt anew ; and has been led, by an ingeniout^onclulioo, 

train of experiments totally different from (he following, to 

decide in favour of the common notion, that water is denfeft 

W)out 40**. Thefe experiments of his will foon be publithbd. Thi ooiiiDr n» 

i am itilly however, decidedly convinced, that my opinion 

above fiated is (rue, and that principally from the fAdts I am'viterVtlurislimv 

about to ftate, which thofe who adopt the common opinion '“®®**** 

muft fee the abfolute necelhly of explaining upon their prin* 

ciple, or otherwife, of controverting the fodls.thninfelves* 

As this feafon of the year is moR convenient for experiiUefits 
of this nature, I am the more folicitous to have the fd^s an« 
nounced, leaving all explanation" for the prefent. T(]f$y 
of a very fimple nature, and may be fnveftigated with litdtt 
trooUe and expcnce. 


A number 



m 

■mraciimi lor 
MMriflMntt. 
Ftocnre l«rge 
Mbed therffio- 
neten»ofeirth« 
m ware, glafs; 

mculy ftc. 


Fin tbem with 
boiled water. 


Ea^ftfenUl 
refttlta noted 
witlbthree 
Mfelien» one 
gl«6» tweironi 
fine coppery one 
brafty one pew- 
tery and one 
Mian thermo- 
meter. 


OmiATtST^ MirSIW OF W4TiR. 

A number of wmter thmmioinetm are to be procuredy llie 
containing which ere of different meterielsy ee earth- 

en warei gtafiy and various metals. Each of thefe (houid 
contain one or taro ounces (from 4 to SpO grains}^ more or 
lefsy of Waler. Common brown inkflands, which go by the 
name of Nottingham warcy anfwer very well for one fpeciesy 
but they require to be well painted withouty as they are not 
otherwife water-tight. I have a few of Queen^s warOy made 
purpofely in Staffordfhirey which confiitute another fpecies 
of earthen ware ; fome of them are glazed in and out ; others 
unglazedy but thefe being painted without are made water- 
tigbty and expand the fame by heat as glazed ones : Of glafsy 
common tliermometer tubesy with larger bulbs than ordinary, 
are fufficient. I have the metallic veflels made in the (hape 
of cylindrical tin cannifiersy conical towards the top, and at 
the fumroit a fmall cylindrical tube, fuch as to take a ther- 
mometer tube. The glazed earthen ware and the me- 
tallic, require moilly to be painted before they are quite 
tight. 

The veflels being thus prepared, they are to be filled with 
water prevtouily boiled to expel the air ; a thermometer tube 
with cement is then fuddenly plunged into the veflel and ce- 
mented Jaft $ the water may then be driven out of the tube 
by heat, or more may be put into it by a fmall wire ; it is 
then fit for ufe, and a fcale of equal parts may be applied to 
the tube; or it may be divided, and marks made with a file 
or paint. 

Some of the refults of my experiments with inftruments of 
this kind, are as follow' : 


Water 

loweft. 

1. Brown earthen ware. No. 1, at 36^ 

Water the fame 
height. 

at 32'*and4o‘‘ 

2. Brown earthen ware, JNfo. 2, - 

38 

• 32 and 44 

3. Queen’s w'are, - - - 

40 

• 32 and 48 

4. FlinUglafSy - 

41^ 

• 32 and 5 1 

jf. Iron, thin plate. 

42^ 

• 32 and 53 

6* Tinned irpn. 

42f 

32 and 53 

7. Copper, 

43| 

32 and 59 

6. Braftf - • 

46 

32 and 60 

9. Pewter, 

46 

32 and 60 

10. Lead, 

49i 

32 and 67 


Another 
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AiiHher pkcpcNDxnfii in tbefe iniirnmeills is obfembie; 

it if mi new, bet it fieferves % marked atteeljee ie Ibt^mient , ^ 

et)quir)r : If the apparent expanfion of water for fluid when the 

of temperature, reckoned from the lowefi^potm in «r«f fcSsm 
above inllruments, be denoted by 1 ; then d the inftrumenf, 
taken at any temperature, be fuddenly pJunged in water of 
iO^ higher temperature, the water inflantly a confider^ 
able way, occafloned no doubt by the velTei being extended 
by the heat before the water it contains has time to expand. 

The quantity of depreffion in the different inflruments was 
found as under : 

firown earthen ware finks by being dipped in 
avaierof J 0^ higher temperature, - .2 

Queen^s ware, - - - .3 

FlinUglafs, - - - - .25 

Iron, ----- .6^ 

Copper, - - - - .9 

Brats, -i - - - l.l 

Pewter, - - - - 1.0 

Lead, - - - - 1.5 

I fubmit thefc fafls to the confideratlon of Ibofe'who feel 
intcrefled in the enquiry ; and defire that they may be parti- 
cularly inveitigated by thofe who maintain that wnicras denfeft 
at 40®. 

I remain year’s, 

J. DALTON.. 

Manchefter, Jan, 1 0, 1 804. 


Table of this da* 
preflion in tht 
different thei- 
moiaeteri.. 


VIL 

^ jl,%afytical Experiments and Obfervations on Lac, Charles 
Hatchett, ^fq, R. S, Frctn the Fhitofophical TranJUc- 
lions for 1804. 

(Concluded from p. 54.) 


Proper ties of the colouring Extras of 

I. W" HEN dry, it is of a deep red colour, approaching to Colouring es- 
purplifh crimfon. traaofiac. 

2. Being put on a red-hot iron, it emits much fmole,,with a 
fmell fomewhat referobling burned animal matter, and leaves 
R very bulky and porous coal. 


3. Water, 


uk: 

S. Water, vAm dtji^dled with it iii>V boiliiHt p^Siklly 
iiy refidaam was found te be i^folotely in* 

febi^iik waters - 

4. AleoM nfteltet flowly on it ; and, in a digeftin^ heat, 
diflfolves teftlKanWttbsr. The colour of the folulion isalfonot 
fo beautiful ; and a confiderable part of the refiduum left by 
aledhot was/ when dt^efted with water, fonnd to be foluble, 
although this was not the cafe, when the refiduum left by water 
wai treated with alcohol. 

5. It is infoluble in fulphurrc ether, excepting a very fmdl 
portion of refini which appeared to be accidentally mixed 
with it. 

6. Sulphuric acid readily dtflblves it, and fortes a deep 
brownifii^red folution, which, being diluted with water, and 
faturated with potafb, foda, or ammonia, beconies changed to 
a deep reddifh-purple. 

7. Muriatic acid diflblves only a part: the folution is of the 
colour of port-wine, and, by the alkaBs, is changed to a deep 
reddiih^purple. 

8. Nitric acid fpeedily dilTolves it : the folution is yellow, 
aihd rafher turbid; but the red colour is not refiored by the 
slkiedis, for^tbefe only deepen the yellow colour. This nitrie 
ibintion>lEUi^dt aflbrd aYiy trace of oxalic acid» 

9. Acetid acid difToIves it with great eafe, and forms a deep 
browni(h-red folution. 

IQ. Acetous acid does not diiTolve it quite fo readily, but 
the folution is of a brighter red. Both of the above, when 
faturated 'with alkalis, are changed to a deep reddiflu 
purple. 

1 1 • The lixivia of potaAi, foda, and ammonia, a& power- 
fully on this fubflance, and almoft Unmediately form perfei^ 
folutions, of a beautiful de^ purple colour. 

12. Pure alumina, put into the aqueous folution, does 
not immediately produce any effedl ; but, upon the addition 
of a few drops of muriatic acid, the colouring matter fpeb- 
dily combines vritfa the alumina, and a beautiful lake is 
formed* 

1); Muriate of tin prodiice^'a fihe'crimfon precipitate, when 
added to the aqueous. folution. 

R. A fiinilar coloured precipitatelsalfo formed, b^ tbeWdi* 
tibh of folution' of ifi'nglafs. 

2 'AetS 



ANH 0 » lac. 

Tbefe property of llic colouring AibftaMi of 
daily its parUal Tolability in water and in alcoMisml tta 
infoluhility in ether, together with the precipitates termed 
by alumina and muriate of tin, indicate that tlm fuldiettce 
is vegetable extract, perhaps flighlly aniittaiized by thecoc- 



The effects which it produced on gelatin, alfo demonftrale 
the pretence of tannin ; but this very probably was afforded 
by the ('mail portions of vegetable bodies, from which the 
flick lac can feldoni be completely feparated. 

Properties of the Refia of Lac. 

This fubflance is of a browniQi-yeliow colour ; and, when Refin of lie. 
put on a red-hot iron, it emits much fmoke, with a peculiar 
fweet odour, and leaves a fpongy coal. 

It is completely fuluble in alcohol, ether, acetic acid, nitric 
acid, and the lixivia of potafh and foda. 

Water precipitates it fi^>m alcohol, ether, acetic acid, and 
partially from nitric acid ; and it potFeHes the other general 
chara6ters of a true refin. 

Proper lies qf the Gluten qf Lac. 

It has been already obferved, that when fmall pieces of dicll Gluten of lac. 
lac have been repeatedly digeiled in cold alcohol, they become 
w'hile, bulky, and elaflic. By drying, thefe pieces become 
brownifh and brittle ; the elafiicity is alfo deflroyed by 
boiling water, exa^iy as when the gluten of wheat is thus 
treated. 

If the pieces of (ludi lac, after the digeflion in alcohol, 
be digefled with diluted muriatic acid, or with acetic acid, 

Jhe ^greater' part qf the gluten is ditfoived, and may be 
precipitated, in a white flaky hate,, by alkalis; but, if thefe 
lah be added to excefs, and heat be applied, then the glu* 
tinous fubhance is reditfolvcd, and may be precipitated by 
acid#. 

If the pieces of (hell lac, after digehion in alcohol, be 
treated with alkaline lixivia, then the whole is dilTolved, and « 

forms a turbid folulion. But, when acids are empbyed» 
the chief part of the gluten is alone aded upon, and a 
confiderable reiiduum is left, confifiing of the wax, fime 

VoL. X,— February, 1805. H of 
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of the refin« and a portion of gluten* which has been pro* 
tedted from the adtion of the acid by the two former fub* 
fiances. 

The above properties indicate a great refemblance between 
this fubfiance and the gluten of wheat; 1 therefore have 
called it gluten, but, at a future time, I intend to fubjedl it 
to a more accurate examination. 

Properties of the Wax of Lac, 

WaxofUc. If (liell lac be long, and repeatedly digefied in boiling 
nitric acid, the whole is difiblved, excepting the wax, which 
floats on the furface of the liquor, like oil, and, when cold, 
may be colledted ; or it may be more eafily obtained in a 
pure fiate, by digefiiug the reflduum left by alcohol in boiling 
nitric acid. 

The wax thus obtained, when pure, is pale yellowifli while, 
and (unlike bees wax) is devoid of tenacity, and is extremely 
brittle. 

It melts at a much lower temperature than that of boiling 
water, burns with a bright flame, and emits an odour fomc- 
what refembling that of fpermaceti. 

Water does not adl upon it, neither docs cold alcohol ; but 
this laft, when boiled, partially diflblves i(, and, upon cooling, 
depoflts the greater part; a fmall portion, however, remains 
in folulion, and may be precipitated by water. 

Sulphuric ether, when heated, alfo diflblves it ; but, upon 
cooling, nearly the whole is depolited. 

Lixivium of potafli, w'hen boiled with the wax, forms a 
milky folution ; but the chief part of the wax floats on (he 
furface, in the fiate of white flocculi, and appears to be con- 
verted into a (bap of*diflicult folubility; it is no longefcfaaw 
flammable, and, w'ith water, forms a turbid folution, from 
which* as well as from the folution in potafli, the wax may be 
precipitated by acids. 

Ammonia, when heated, alfo diflblves a fmall portioaof the 
wax, and forms a folution very fimilar to (he former. 

Citric and muriatic acids do not feem to a^ upon the wax ; 
the effeds ofTulphuric acid have not been examined. 

When the properties of this fubfiance are compared with 
thofe of bees- wax, a difierence will be perceived ; and, on the 

contrary, 
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contrary, the raoft ftriking analogy is evident, between the wax It gieatly re- 
of lac and the myrtle wax which is- obtained from the Myrica 
cenTcra. 

An account of the latter fubdancebaa been publiihed by 
Dr. Bollock, of Liverpool, in Nicholfon’s Journali with 
comparative Experiments and Obfervations on bees-wax, 
fpermaceti, adipooire, and the cryflalline matter of biliary 
calculi. * 

The properties of the myrtle wax, as defcribed in Dr. 

Bollock’s valuable paper, lb perfe^ly coincide with thofe 
which 1 have obfcrved in the wax of lac, that I cannot but con- 
fider them as almoll the fame fubHance ; indeed 1 think they 
may be regarded as abfolutely identical, if fome allowance be 
made for theHight modifications which have been produced by 
the dillerent mode of their formation. 

From tiie preceding experiments and analyses we find, that Component pvti 
the varieties of lac conlift of the four fubflances which have 
been defcribed, namely, extradtive colouring matter, relin, 
gluten, and a peculiar kind ot wax. Rehn is the predominant 
I'ubllance ; but this, as well as the other ingredients, is liable, 
in a certain degree, to variation in refpedl to quantity. 

According to the analyfes which have been defcribed, one 
hundred parts of each variety of lac yielded us followt : 


Stick Lac, 


Refill 

• 

68. 

Colouring extradl - 

- 

10. 

Wax 

- 

6. 

Gluten 

- 

* 5.50 

Extraneous fubflances 

■ 

6.50 

9.60. 

Seed Lac, 


Refin 

- 

88.50 

Colouring extradl • 

- 

2.50 

Wax ' - 

- 

4.50 

Gluten 

- 

2. i 


97.50. 


* Nichollbn's Journal for March, 1803, p. IS9. 
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Shdl Lac. 


Sefio « 

• 

- 90.90 

ColouVing extras • 

- 

0.60 

Wax - ♦ • 

• 

4. 

Gluten 

• 

. 2.80 


98.20. 

The proportions of the fubtlanccs which compofe the varie- 
ties of lac, mufl however be fubjeft to very confiderable va- 
riations ; and we ought therefore only to confider Ihefe ana- 
lyfes in a general point of view. Hence we ftiould fiate, 
that lac confifts principally of refin, mixed with certain pro- 
portions of a peculiar kind of wax, of gluten, and of colour- 
ing extract. 

The relative quantity of tlie two latter ingredients, verycon- 
fiderably effect the charadlers of the lacs; for inftance, we may 
obferve, that the glutinous fubilance, when prefent in flieli 
lac in a more than ufual proportion, ^probably produces the 
deTed obferved in foeie kinds of fealing wax, which, v^hen 
heate<l and burned, become blackened by particles of ^oal ; 
for the gluten aflfbrds much of this fub/lance, and does not 
melt, like the reiin and wax. From what has been flatrd. 
therefore, lao muy be denominated a cero-refin, mixed with 
gluten and colouring extract. 

$ 111 . 

GENERAL REMARKS, 

Lac has the cha- From the whole of the experiments which have been re- 
faflers of vegc- lated, it appears that although lac is indifputably the pro- 
****^®* du£lion of infedts, yet it potTefles few of the characters qf, 

animal fubliances: and that the greater part of its aggre- 
gate properties, as well as of its component ingredients, 
are fuch as more immediately appertain to vegetable bodies. 
Itisveryufeful; Lac, or gum ]ac,^as it is popularly but improperly called 
is certainly a very ufeful fubtlance; and the natives of India 
^ « furnlil full proofs of this, by the many purpofes to which 

they apply it, 

for ring!, beads; According to Mr. Kerr, it is made by them into rings, 
beads, and other female ornaments. 


When 



AKO bstSilVATlONS ON /.AC* 

When formed into 'baling wax^ it is employed ns A japan^ Ming 
and is likewife manujiidured into different coloured ^ar- * 
nifhes. 

The colouring part is formed into likes for painters: a fort lakes, dying} 
of Spanifh wool for the ladies is alfo prepared with it : and, 
as a dying material, it is in very general ufe. 

The refinous part is even employed to form grindflones, by grindftonei, and 
melting it, and mixing with it about three parts of land. For P®**^®“* 
making polifliing grindftones, the fand is fifted through fine 
niLiflin; but thufe which are employed by the lapidaries, are 
formed with powder of corundum, called by them Corune. * 

But, in addition to all the above ufes to which it is applied the HindA ink ; 
in India, as well as totbofe which caufe it to be in rvqaeft in 
Europe, Mr. Wilkin’s Hindi! ink occupies a confpicu,ous place, 
not merely on account of its ufe as an ink, bulNbecaufe it teaches 
us to prepare an aqueous folution of lac, whidi probably w'ili 
be found of very extenf^ve utility. x 

This folution of lac in water may be advantageoufly em* water virnifh : 
ployed as a fort of varnifh, which is equal in durability, and 
other qualities, to thofe prepared with alcohol; whilfl, by the 
laving of this licjuid, it is infinitely cheaper. 

I do not mean however to affert that it will anfwer equally 
well in all cafes, but only that it may be employed in many. 

Jt will be found likewife of great ufe as a vehicle for colours ; 
for, when dry, it is not eafily affected by damp, or even by 
water. 

With a folution of this kind, 1 have mixed various colours, The litter very 
fuch as Vermillion, tine lake, indigo, PrufCan blue, fap green, 
and gamboge ; and it is remarkable, that although the two laft 
are of a gummy nature, and the others had been previoufly 
“*W!xed with gum, (being cakes of the patent water-colours,) 
yet, when dried upon paper, they oould not be removed with 
a moiflened fponge, until the furface of the paper itfelf was 
rubbed off. 

In many arts and manufadures, therefore, the foliilions of 
lac may be found of much utility ; for, like mucilage, |{)ey 
may be diluted with water, and yet, when dry, are little if at 
all affeded by it.f 

We 

* Phil. Trimf. 1781, p. 380. 

f The alkaline folutions of lac are evidently of a faponactoui 
nature, and, like other foaps, may be decompofed by acids. The 

entire 
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lUfi;^ cded on We $nd» from the experiments on laCy that this fubflance is 
tad tl- ju ^Ikalis, and in fome of the acids. But this fad 

(conGdering that reGn is the principal ingredient of lac) is in 
oppoGtion to the generdRy received opinion of chemiGs, namely, 
that acids and alkalis do not a£l upon reGnous bodies. Some 
experiments, however, which I have made on various refins, 
gum-refins, and balfaros, fully eflabliOi, that thefe fubfiances 
are powerfully a£ted upon by the alkalis, and by fome of the 
acids, fo as to be completely diflblved, and rendered foluble in 
water. 

Field of inquiry. It will be a very wide and curious field of inquiry, to 
difeover what changes are thus produced in thefe bodies, 
efpecially by nitric acid. Each fubfiance muG form (he fub- 
je£l of a feparate inveGigation ; and there cannot be a doubt 
but that much will be learnedN refpedling their nature and 
properties, which hitherto have been fo little examined by 
chemiGs. 

Utility of refill* The alkaline folutions of refin may be found ufeful in fome 

ous folutions. many colours, efpecially thofe which are 

metallic, when difiblved in acids, may be precipitated, com- 
bined with refin, by adding the former to the alkaline folu- 
tions of the latter. I have made fome experiments of this 
kind with fuccefs ; and perhaps thefe proccGes might prove 
ufeful to dyers and manufadturers of colours. It is probable 
alfo, that medicine may derive advantages from fome of this 
extenfive feries of alkaline and acid folutions of the refinous 
fubGances. 

entire fubGance of lac is not however completely dififolved, as ap- 
pears from the turbidnefs of the liquors. Three of the four in- 
gredients, namely, the refin, the gluten, and the colouring extra ^ 
appear to be in perfedt fojiition i whiift the wax is only partially 
combined with the alkali, and forms that impeifedlJy foluble fapo- 
siaceous compound which has been formerly mentioned, and which 
remains fufpended, and difturbs the tranfparency of the folution^ 
From various circumftances, it does not feeni improbable, that 
> the long fought -for, but hitherto undifeovered vehicle employed by 

the celebrated painters of the Venetian School,^ may have been fome 
kind of reGnous folutioni prepared by means of borax, or by the 
alkalis. 


ji fitnpk 
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VIII. 

A fwiple and accurate Method of Suneying on Shore^ with Jlfck 
Jnjfruments only as are in every otic*s Pojfeffion. By Cnptaxn 
J. Moktlock. From the Author. 


To Mr, NICHOLSON. 


28, Surry Place, Kent Road^ 

SIR, 1th January, 1 803. 

A.LMOST all our Ireatifes on nautical furveying begin with Introduftorjr 
the explanation and defeription of what are called the necelTary 
inllrurnents, which are deferibed fo nunoeroii8, and the price 
fo confiderable, that very few can procure them : Thus dif- 
cuuraged, they abandon every idea of making plans of fuch 
ports as they touch at, for want of what they conceive to be 
the necelTary indruments. • 

To obviate this dilHculty, and to render nautical furveying 
more general, 1 have, in the annexed paper, attempted to 
(hew the mariner how to furvey any port or place he may 
touch at, with great accuracy, little trouble, and without any 
expence for iiiliruments. Should you find this fimple method 
duCerving of a place in your valuable Journal, I (liall feel ni}« 
felt honoured by your inferting it. * 

I am. Sir, 

Your mod obedient humble fervant, 

J. MORTLOCK. 


FIRST make an eye-Iketch of the place to be furveyed, as Niuticil (urvey- 
annexed figure, numbering all the points, bays, rocks, without in- 
Ihoals, &c. Choofe two dations, as A^and B (Fig» 1, Plate Fj, 
whence all the rocks, points, &c. may be leen from, and fo 
lituated from each other, that the bearings of the points. See. 

AS taken from A and B, diall interfed at angles at lead greater 
than 10 degrees, but the nearer 90 degrees the better. 

Having chofen the Rations, proc^d to one of them as A, 
and place the paper 'intended to receive the plan horiaontally 
before you, extended by pins, or otherwife, on a board fe- 
curely fixed, to prevent it Ihifting its pofition while the bear- 
utgs: are drawing. 

Stick 



Kaut*icitfamy« 
lag without in' 
ifaroaeati. 
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Stick a pin through the paper firm into the board, at the 
part meant to reprefent the ftation A, and lay a ruler with a 
pl^fedl firaight edge on the paperi touching the pin at A and 
poinUng towards the fiation B. and draw the line A B : in 
like manner draw lines from A towards all the points rocks, 
bays> &c. numbering the lines as the points, rocks, bays. be. 
are numbered in the eye-lketch : Proceed next to the fiation 
B, and place the board horizontally before you. To that the 
line A B fiiall point back towards A» and fecure the board 
with the fame precaution as at A, to prevent its fliilting : then, 
in the line A B. fiick a pin firm through the paper into the 
board, in that part meant to reprefent the fiation H; from 
which point draw lines pointing towards the different points, 
rooks, be. as was done from A. numbering them in like 
manner. Now. where the lines drawn from B interfefl thofe 
of the fame number drawn from A. will be the place of the 
pmnts. rocks, be. to which the lines were direded to from 
the nations. Sketch in the ihore*between the points, be. 
and the phm is completed. 

The meridtan-line may be found by compafs, or more cor- 
re6Uy. by drawing the line of the fun's bearing from one of 
the nations, and taking his altitude at the fame time. Then 
with the latitude, altitude, and declination, compute the azi- 
muth. and lay it off to the left or right of the line of the fun’s 
bearing, according as the fun was to the right or left of the 
meridian, and it will give the true north and fouth. or meri- 
dian-line. 

If the diffanee between any two points on the fhore be 
meafured. it will give you a fcale for the plan ; but it may often 
be found more convenient to meafure off a bafe. as A C. 
-from one of the ffations. in a direction nearly perpendiculai;.^ 
the line A B ; and let it be in length equal to fome part of a 
geographical mile, as 580 feet or 760 or 1520 

=3 or 3040 == or any part of a mile ; then will the line 
A*C be a fcale to the plan. 

1 have fuppofed any common board and ruler to lllufirate 
the fimplicity of this method of forveying i but to fuch as are 
pro\*ided with a drawing frame, it will be found convenient 
to extend the paper on; and if a ruler has fights perpendicular 
lo its edge, it will be found commodious, and requite lefs 
trouble, 1 hope (he eafe and expedition with which (he whole 

is 
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is performed, will induce fea-faring people to amttCe them* 
felves by taking plans of the places they touch at! for it is by 
the improvement of geography that the dangen of navifp^n 
are diminifhed, and, confequently, the lives and pf^erty 
embarked in our (hipping are lefs expofed to danger. 

J. MORTLOCK. 


IX. 

notice of an Qmiffion in Ac cvu's Chendftry, qf the dired Pro^ 
dudion of Nitric Acid, Py W. F. S. 

To Mr. NICHOLSON. 

SIR, Lincoln's Inn, January 1805. 

lilAVING in your Philofophical Journal fpoken very hand- Nitre and nitrfe 
fomely, and not undefervingly fo, of Mr* Accum’s Treatife *P^^c*»«** 
on Chemiitry, it would not perhaps be improper in one ot 
your enfuing Numbers, either to elucidate or correct a final 1 
difficulty, or rather error, in that book. In defcribinif the 
mode of producing nitric acid, in the fecond volume of Mr. 

A.^s work, p. 286, he puts as a principal ingredient nitrate 
of potajh : Now, on referring to the mode of obtaining nitrate 
of potajh in page 287, and following page, it is defcribed as 
being produced by neutralising the carbonate of potafh with 
nitric acid : Now, Sir, it is pretty evident, that the means of 
preparing either nitric acid or nitrate of potafli ii^ not given, 
or rather it is Hated by impUcatitm, as incapable of being pro- 
duced by arU 

, Very refpeftfully your’s, 

W. F. C. 

P. <9. As this error can only be refiified by a rabfequent 
edition, it would, with fahmiffion, be extremely beneficial to 
the holders of the prefefit edition, that you fhould introduce 
the emendation in your Journal. • 


On 
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Difficulties re- 
Cp^£tinr; the gal* 
vanic decocnpo*- 
Anon of water j 
M to the dif- 
tances of the 
wires* 


Hypothecs of 
fAr. Wilkinfon 
cenfured. 


Remarks in de- 
tail on Mr. W.*i 
hypothefia. 


X. 

On Gahmifm. By Mr. (Jhasles Stives'Iek, 

To Mr. NICHOLSON. 

SIR. 

You did me the honour of inferting in your valuable 
Joiirnab fome experiments tending to illufirate the theory of 
galvaniftn. I do not know who originally propofed the idea 
of the combination of electricity with hydrogen (the truth of 
which my experiments were intended to eftablifli), though I 
am now bound to acknowledge the ingenuity and importance 
of the thought. Such an idea would perhaps never have been 
fuggefted, had it not been for the very paradoxical appear- 
ances attending the decompofition of water by galvanifxn. 
The appearance of the hydrogen at fo great a diftance from 
the oxigen, both of which mud have been produced from llie 
fame particle of water« was very fatisfaClorily accounted for 
by thia eonje^ure. The continental philofophers, and Dr^ 
Gibbes of Bath». did noi fo well account for the phenomena 
by their hypothefis^ though it appeared fo formidable, as to 
threaten the theory of modern chemiilry with diifolution. 

AnoUier hypothecs of the decompofition of water, was 
given by Mr. Wilkinfon, in his Elements of Galvanifm, and 
ill your 36th Number. If we even allow Mr. W. the advan- 
tage of all his very gratuitous data in accounting for the de- 
compofition of water, the contradiction with which they 
abound, will totally render his hypotheils invalid. 

Mr. W. begins by fuppofing a particle of water analogous 
^ to the Leyden phial, which is the fame thing as to fuppofe that^ 
water, a conductor of electricity, is compofed ot particles in 
Ihemfelves non-conduCtors. Mr. W. is of opinion, that the 
decompdfition takes place in the middle of the liquid between 
the points of the wires. The way in which he fuppofes the 
feparation to be effected, is fomething like the idea the an- 
cients had of the folutions of metals in acids, viz, that the 
metal was fplit into very minute particles (capable of being 
fufpended in the liquid) by the wedge-like particles of the 
acid. After the decompofition is effected, he tells us that 
tlie capacity of the hydrogen is diminifhed for eleCtricity, 

-while 
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while the capacity of oxigen is increafed for the fame Tub- 
fiance; two fa£ls for which I fhould be glad to know Mr. W.’s 
authority. He now fuppofes the oxigen to be attraQed by ^he 
pofitive wire, where it faturates ilfelf with the elediricity 
nec'-eflary to conditate its gafeous form. The hydrogen, on^ 
the other hand, is attra£tcd to the negative wire, to which it 
mud give itsexcefs before its elaflic form can be effedted. 

After all the labour Mr. W. hasbedowed to bring the hydro- Objection, 
gen to one wire, and the oxigen to the other, he does not 
appear, in my opinion, to have fucceeded ; for the excefs of 
eledricity in the hydrogen would be given to the deficient 
oxigen, and the gaffes would be given out in the middle of 
the liquid, and not at (he ends of the wires. 

Mr. W. mentions the curious fadl of water not being de- Water not dc- 
conipofed in a very fmall lube, and alfo, that no deebmpo- • 
fition takes place when the wires in the liquid are as 
as eight inches didant from each other. I have long been in 
polfeffion of thefe fadls : I have varied thefe experiments by Saline folutions 
uting, inftead of pure water, different folutiolis of falls, with *** ^ecompofed. 
a view to increafe the conducting power of the liquid mb- 
dium : I found a folution of carbonate of potafh to anfwer Carbonate of 
very well : I placed the wires in the ends of a lube of moreP®* * ^^*' 
than a yard in length : The clecompofilion went on very ra- 
j)idly : 1 foon obferved the pofitive wire coated with beau- 
tiful carbonate of copper, at the fame time I obferved a ga- 
f'eous fubdance difengaged ; I found it, by the ted of lime- 
water, to be carbonic acid gas. I obferved the difengage-Pure potafli. 
ment of this gas, after I had rendered the potafh very caudic 
by lime. 

I afterwards ufed a tube of ^th of an inch in diameter. Common fait, 
'^nd five i'eet long, into which I introduced a faturated folu- 
tion of common fait. After the wjres w'ere introduced, and 
the communication made, I obferved bubbles of hydrogen 
upon the negative wire, in about a minute after 
^ I remain. Sir, 

^ Your\ &c. 

• CHARLES SYLVESTER. 

Shejfidd, Jan, 20 , 1805 . 

* This corroborates the fa£l of the hydrogen palling iovilibly 

through the liquid. . 

4 
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XI, 

to tl^ Animadverfiom o^d Experiments o/* C, L. on the Sub^ 
H je£iqf the Horizontal Moon, By Mr. Ezekiel Walker, 


To Mr. NICHOLSON, 


Dear Sir, 

^Vhat can have induced your correfpondent C. L. to 
attempt to confute my paper relating to the horizontal moon, 
with to much invidioufnefs, is befl known to himfelf. For my 
own part, 1 believe that he is perfunaliy unknown to me, and 
that I am equally fo to him. 

Whether the faftidious viTiter takes to difprove the 

tEkIcQpcbe pro- truth oF my politioii is a falfe one. He fays, that ••if Mr. 
S^in^Mr.W&'s Walkcr*s portion were true, the magnifying power of the 
tbmy. fame telefcope would vary with its aperture.^" * 

C. L. has been very unfortunate inlmentioning the telefcope, 
fof the properties of that inflrument will confute, every argu- 
mlilit which he has ufed againfl my theory, and fliow that his 
itloondu6ted experiments, like an igni^fatuus^ tended only to 
rniilead him. 

The want of a I iball drop this fubjedl for the prefent, to examine his next 
llandard would atjerlion in the fame paragraph. The apparent magnitude of 
Sn^whether a * paper before the eye may become larger, w'hen tlie candle 

kfs light gives a (haded with the hand, for any thing that C. L, knows to 

SwtoobjcSL the contrary, as the increafe is too fmall to be perceived by 
ourfenfes; and even if it were ten times larger than it is, it 
could not be known, becaufe every other object before the eye 
would increafe in apparent magnitude at the fame lime, and 
in the fame ratio; and confequently leave no itandard to coxQr 
pare the pjper with. To elucidate this in a familiar way, 
permit me. Sir, toalk how w'ould C. L. determine the number 
of miles between Tro(ton-in Sufiblic, and Sobo-Square in 
don, without fome ttandard meafure, with which to comphre 
that diflance. 

Then follow his " corredt experimenlf of the fame deferip- 
Iton as mine/’ — My experiments were made to imitate the eye, 
upon a large fcale. Let us fee how C. L. has imitated nature 
in his experiments. 


Stri&nres on 
C. L.*f experi< 


* Philof. Journal, Vol. IX. p. 935. 


In 
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In his fir ft expertm^Dtj *• from llie fiame to the lena tlie dif- Eiy. i* Tfca 
tance was 49|- inchesy and from the lens to the image it was 
SS inches/' Thefe numbers beieg;^duced to the fipale of t}lf ^ 
human eye, it will appear that the diftance between the crgn- ^ 
ftalline Icmis and the retina, is nearly twice as great as fae«, 
tween the cryftalline lens and the obje^ ; confequently, if we 
take the difiance between the cryftalline and thd outward fur- 
tace of the cornea into the calculation, the objed muft nearly 
touch the eye. This, 1 think, may be called a Jkort-Jighted 
cx})€riment. 

The conclufion of C. L/s paper contains a number of par- 
ticulars, in which hefuppqfes I have erred, and then modefliy 
** fubrnits it to yourfelF and readers, whether I bavcaftedcon- 
fifiently with the rules of philofophical inveftigation," &c. 

But as it wdll appear hereafter, that none of thofe errors had 
any exiftence, except in C. L/s own mind, his conclufton citt 
ferve no other purpofe than to ftiew the temper and difpofttioii 
of the writer. 

In my paper wdiich was honoured with a place in the 9t(t.Ambre]iiiiicB- 
vol. of this Journal, page l(U, I only gave an abfirad of 
ieries of experiments, on which I founded my general con- aer caper uacanw 
cluiion ; but it now appears necefiary to give a more particular 
account of them, to fiiew that they are entitled to more credit 
ihan C, L. has thought fit to give them. 

Alter having prepared my apparatus as deferibed in my 
paper above-mentioned, with a long mould candle of fix to 
i|)e pound, placed in an inclined pofition, 1 began with mea- 
I'uring the focal image of the whole lens. 

The length of this luminous picture upon the fereen, was 
determined by a pair of compaftes, and a diagonal fcale of 
inches. This m^*a(ure was entered on page 1 of a book, pre- 
pared for that purpofe. , 

The card No. 1. was then placed before the lens; the 
luminous picture meafu red in the fame manner as before, was 
entoixed on page 2 of the fame book. 

The raeafure of the pidlure given by the aperture. No. 2. • 

Was entered on the 3d page. And the meafure of that given 
by No. 3. was noted down on the 4lh page. 

As foon as thefe four experiments were finlftied, I began 
Again with the whole lens, 2 ind entered a fecond meafure on 
pAge 1. under the firft, and continued till 1 had obtained two 

meafures 
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tneftftres on each page : and in continued my 

espenments nnitil 1 had obtained five Or fix meafures to each 
g|| 9 ^rture. Thti ihode givVilie an opportunity of feeing how 
, khiicb the flame of the cmdle altered in its length, during the 
time thit I was making the experiments, which alteration was 
tb^ ftnall to be regarded. The meafures on each page being 
added up, and«divided by the number of them, gavemethofe 
numbers which were inferted in my paper. 

^ But I did not flop here, for fets of experiments werO re- 
peated in the fame manner, on feveral evenings, to afcOrtifin 
the fad more clearly. But to come more immediately tO the 
po^nt; when the fun dr moon was ufed inftead of a candle, 
the fame refult was obtained, viz. the greatefi aperture gave 
the greatell luminous pldure. 

The truth of tins property in optics, however, dbes not 
on my experiments, the fame conclufioti may be 
derrved.frbm other principles. ^ 

It is a well known property of the lelefcope, that as the 
re i| cohMQedy the (lender pencils or cylinders of rays 
emergS^om the eye-glafs into the eye, are alfo contraded 
fimte prfeportion." * 

tuKoftbeub- TFm‘*amgnitying power, of the objc^ glafsof a (elefcope 
is nr^ inbreafcd by increafing its aperture ; but by increafing 
its aperture, you increafe the magnitude of the pencil of light 
in its focus: for as the eye-gfafs tOmains the fame, the increafe 
in magnitude of the emerging pencil oT rays, mufl depend 
upon an increafe in magnitude of the pencil in the focus of the 
—whence it is giafs. Confequenily, when the moon is viewed, if the 

inferred tha^t the |tpeVtare of the objed gla(s be increafed, the pi6lure of the 
. «. « moon within the telefcope, will be increafed in the fame ratio; 
but withuut increafing the magnifying power of the inftru- 
roent, • 

fat the magnifying power is =: the diameter of the aji^ture 
of the obje6t gUfs divided by the diameter of the 
pencil. 


Frinclples of 
optic» brought 
in fuppflilt of 
the author's 
tiicory. 

The pencils, vf,^ 
light that el 
the eye are 
fdialleri the 


jedt lensj 


noon's plAure 
will be equally 
changed in fiqe. 


Let A =;: the diameter of the aperture df the obje£t giafs, 
B ss the diameter of the emerging penpib C == the focal dil* 

• Elementary Parts of Smith's O^ics, page 93. 


tance. 



^ It^STftOlTBXT. ^ Itt 

Unce of liio olj«A|^6« aOd D (he focal diftance>*or (heeye« 

C 

glafs. Then— = the niagnifyij[)g power. ^ 

u I / * 

But C : D : : A : B. (Smithes Optlcsf p. 93.) Afsd 

C A 

vifion-jg-=— . Therefore the enlargement of the pidore 

of an objed within the tclefcope, does not iOcreafe its mag- 
nifying power. 

Hence thefe properties of the telefcope prove to a demon Conclufion. 
llration« that the concluiion which 1 have drawn from my 
experiments is a law of* vihon ; and this law (hows us, that no 
concavity of the Iky; no teirc/lrial perfpe£tive, nor even the 
painting qf the waves under Black~Friar*s Bridge, can explain 
the phenomenon in queflioii *. The caufe lies wholly Within 
the eye. 

It is a tnoft unpleafant talk to enter into contros^erfy, Bht I Refpeaing ccm* 
cahnot fee how I could avoid it in this inftance. It appears to ^*^**^*’^^^* 
me. Sir, that you inferted C. L.'s paper for me to atirwer^ 
and I have complied; hoping, however, that thi|f b 
time of my having occafion to ufe my pen, a gi lfBf ft an ak«|ll|*« 
ntous writer. Common jdillice feems to detntttid ihk names* of 
thofe who undertake the examination of fitch papers as are 
owned by their refpeflive authors. 

I am, Dear Sir, 

Yodr mod obedient fervant, 

EZ. WALKER. 


Lynn, Jan, IS, ]8(>5. 



Dejtriptioa qf a fimfk Infirument far^making cQrre6i Drawings 
from Nature, By T. C. B. 

0' To Mr. NlCflOLSON. 

SIR, January 22, 1 805. 

The diaferiptioif of .two indrum^ts for facililaling ImicU. 
fcape drawing* from nature gii’en in the drd votame^ page 
211, of your Journal, has fuggefted to me the condruAion of 


* Philefophical Journal, vol. IX. pag<( 237. 


another. 
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Inftrument for 
Slaking cone^ 
drawings from 
aature. 




PERSPECTIVE INSTRUMENT, 

another, which Teems to unite the accuracy of the firft of Ihofe 
inflruments with the (implicity and portability of the feconcl. 
As I conceive it niiy be of fome fervice to thole who are in 
the habit of (kclching landfcape, I fend you a defcription of 
one which I have had made, that you may, if you think pro- 
per, publiQi it in your Journal. Let A B, II. Plate 5m 
be a flat rule, fiippofe tw'elve inches long, having at its ex- 
tremities two arms B D and A F turning upon a joint at B and 
A ; and in each arm a circular Joint at C and G : let the length 
of each arm B D and A F be ten inches: a handle to fix on E, 
and a thread paffing through two holes cquidiftant from the 
handle, making any length, according to the angle under 
which the view, may be beft feen. 

To ufe the inflrument, take the end of the thread in the 
mouth, and hold the inflrument upright before the eye, then 
move either or both of the arms till the points D and F aro 
brought in a line between the eye and any point in the land- 
fcape you may wi(li to delineate; lay'the inflrument upon the 
drawing paper, and you will have the true fituation of fuch 
part of the fubje£t. — Proceed in like manner, taking care al- 
ways to keep the bafe line in the fame place, till you get as 
many points as you requirey by which means any landfcape or 
building may be drawn very expedilioufly, and wdlh a great 
degree of accuracy. 

To make Uie inflrument as portable as puflible, there is a 
joint in A B, which the handle covers, and the pieces D G 
and C F arc made of thin brafsy to fold into tiic pieces A C 
and BG; fo that the inflruuient, wdien folded up, need oc- 
cupy no more room in the pocket than a fmall fpedaclc cafe. 

It is perhaps unncceflary to add tliat this inflrument may be 
ufed for the purpofe of copying, and anfwers the purpofe of 
a triangular or quadrangular compafs. 

1 am. Sir, 

Your moil obedient and humble fervant, 

T. C. B. 

If the rough inclofed Ikctch of the inflrument is not fuffi- 
ciently Intelligible, Mr. Nicholfon may fee 6neat Mr. PVazer^s, 
Optician, in Bond-Street, 


ObfervatioH$ 
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1 ■ XIII. 

ObJ^fn atinns oh Bafidt, and m the ^^n^tion from the vitrem^.. 
to the Jhnjjf Texture^ iiHi' h occurs in tlie (gradual R^rigeratiof^ 
of melted Bafalt ; with fame geological Remarks^, Jn a 
from Gukqory Watt, Efq, to the Right Hon, Charles 
Greville, V, P, R. S, From the Philofophical TranfaRioivt 
for I SO I-, p, 279. 

d I R* Soho, April 1804. 

^H£ important {geological CQofeqaences that feetn de« Sir James MsTt 
diicibie from the changes of texture developed by Sir ‘ 

HalPs very judicious experiments on the regulated cooling ofiation of fufed 
melted ba£dt, indveed me to attempt a repetition of them, 

Tome time after the publication of his interefting and tngenioai 
paper. * I believe that formerly I had the honour of (bowiiiig 
you Tome of tJie refults oF*my imperfect and diminutive etc* 
periments, which only ferved to a^ord additional proofroflM^' 
tranfition from the vitreous to the (lony texture,' which . 

place in the gradual refrigeration of gtafs. CfrcuQidancea 
have prevented my refuming' thefe invefligationa^ tiU it ^|ely 
occurred to me that fometbing might be learned, byeupofing 
to the a6lion of heat, a much larger mafs of bafaltic mattoc 
than, a^ far as I am informed, had ever at one time been fu^ 
jefled to experiments 

One* of (he common feverberatory furnaces ufed ki iron The ekpenment 
founderies for the fufion of pig-iron, was (Irongly heated by a 
fire maintained for feveral hours. About feven hundred weightfag/ ^ T 
of amorphous bafalt, here called Rowl^ Rag, was broken intb 
(mall pieces, and depoiited gradually on Uie elevated part of 
the interior of the furnace, between tbp fire and the chimney, 
from whence, as it melted, it flowed into the deeper part, in 
wEitallli in ordinary operations, Jibe melted iron is colleded* 

It tMut obferved by the perfons attending, that it did not re- It was eadly 
quire half the quantity of fuel to fufe the bafalt, that would 
have been neceflary to melt unequal weight of pig-iron, whe^qulskl/ ^ 
When the whole was melted^ it formed a liquid glafr, rather^l*^ 

* Publiflied in the Tranfaftions of the Royal Society of Edia* 
hui|^, Vol. V. and iq our Journal, Vol. V. qoauto feries. 

VuL. X.-^Femrvary, 1805. i tenacioiM# 
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tenacious, from which a large ladle-fall was taken, which, on 
being allowed to cool, retained the diara£)ers of perfedl glafs. 
The lire was maintained, though with gradual diminution, for 
more than fix hours; after which time, the draught of the 
chimney was intercepted, the furface of the glafs was covered 
wtth heated land, and the furnace was filled with coals, whicli 
Slow congela- were confnmcd very llowly. It was eiglit days before the 
mafs in the furnace was fufficienlly cool to be extracted, and 
even then it retained confiderahle internal heat. 

^*^*^*^ niafs, being given by the bottom ot the 

furnace, was confidcrably irregular, approaching to the fliape 
of a wedge whofe lower angles were rounded. It wAs nearly 
three feet and a half long, two feet and a half wide, about four 
inches thick at one end, and above eighteen inches at the other. 
From this diverfity of thicknefs, and from the unequal a6lion 
of the heat of the furnace, loo gfeat an irregularity had pre- 
vailed in the refrigeration of the glafs, to permit its attainment 
of a homogeneous texture- Thefe circum fiances might proba- 
bly have been cogpterafled by better devifed precautions ; but 
the inequality of the produdl is not to be regretted, fince it has 
fdrtuitoully difclofed fome very lingular peculiarities, in the 
arrangement of bodies palling from a vitreous to a llony ftate. 
wiiibh tUight have remained unobferved, if the dofired homO' 
gencity of the refiilt had been obtained. 1 (hall now endeai (»ui 
to deferibe the various products of this operation ; and 1 dial! 
alfo fubmit to your confidcralion, fome remarks which appear 
to me to arilc naturally Irom the phenomena 1 have obferved ; 
premifing that, except where my opinions are fupported by 
the unequivocal demonftration of taels, I ofler (hem with the 
utmoft deference to the decifion of more experienced and 
judicious mineralogifis and geologills. 

External charac- proper to giye a concile defeription of rowley rag 

ters, &C. of itfelf before I confidcr the produfls which it yields by igneous 
lowlty la^. fuHon. This fpecies of bafalt is fine-grained, of a confuted 
cryllallized texture ; its fradiure uneven in fmall pieces, <An- 
^ choidal in large pieces. Its hardnefs fupeiior to common glafs 

but inferior to feldfpar. Its tenacity conliderable. Its aaion 
on the magnetic needle ftrong, but without ligns of polarity. 
Its fpecifm gravity, according to my trials, 2.868. lls general 
• colour iron gray, approaching to black. It is opaque; and it 

^ ' tefleAs 



V 


IW 


QB|fiRVA«f«|llr# ON BASALT, &€. 


refie<£)s light from luniiimber of brilliant points, fome'Of which 
feem*, to be teldrpar, and the others hornblende. * 

I fl. This fubftance is eaiily fufed into glafs, whofe teactnre hits glaft. 
completely vitreous, with few air-bttbbles. Its frafture uoda-* 
laicd couchoiddl. Its hardnefs fuperior to feldfpar, but inferior 
to quartz. It pofleiTes fcarcely any sdton on the magnetic 
needle. Its colour is black : it is nearly opaque, being tranf- 
lucent only in very tlwn fragments. Its fpccific gravity ap- 
pears to be 2.749. 


2(k The tendency towards arrangement in the particles of 
the fluid glals, is hrll developed by the formation of minute * 

globule's, which are generally nearly fpberical, but fometimes appear in the 
elongated, and which are thickly difTeminated through the™***" 
mafs. The colour of fhefc globules is confiderably lightei than 
that of the glals ; the) are commonly grayifh-brown, fome- 
times inclining to chocolate brown, and, when they havehjaen 
formed near the infcri(»r futface of the cavities in the glafs, 
they projedi, an<J idcinyie a duller of fmall feeds. TUeir 
diameter rarely exceeds a line, and feldom attains that 
as, in general, they arc another, that thfVT 

(urlaccs touch before they caij^quire condderable magnitude. 

[n the procciv of cooling, they adapt their form to their con- 
fined ntujiion, till up every interftice, and finally prefent a 


* ** The ragftone has been accurately analyfed by Dr. Withering, Analyfin of row- 
who found that JOOO parts of^t contained 475 parts of filiccous 
oarth, 3?5 argillaceous earth, and 200 calx of iron ; but this iron ** 
feenis to me to be in a very fmall degree of calcination, from the 
dailc blue colour of the ftoiic, from the rufty colour it aflumes on 
being expofed to a farther Hate of calcination by air and water, and 
from the magnetic property of the mountains, which, as Dr. Plqt 
obferved, turned the needle 0® from its proper diredlion. Tl|le 
magnetic pn»perty has fince been obferved in feveral bafalttc moun- 
tains, particularly in the Giant's Caufeway in Ireland, and very 
rc^lifkably in a bafaltic columnar mountain called Compals Hill, 
ia tjfe illand Cannay, one of the Hebrides, deferibed by George 
l^tempfter, £fq. in the Tranfaflions of the Society of Antiquaries 
in Scotland, Vol. I." See Mineralogy of the South-weft pait of 
Staftbrdfhite, by James Keir, £fq. F. R. S. publtlhed in Shawl's 
Hiftory of StafFordfhire, Vol. I. 

Mr.*ij^irwan ftates the fpecific gravity of rowley rag, which be 
calif ferrilite^ at 2.748; and aftigns ita melting point at of 
Wedgwood's pyrometer. 

I 2 
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MSEltirATIOVS 

homogenoo 9 « bex^y, wholly unlike mi equally unlik* 
the parent iimfak. When the unioe ef ihe UUle globules'hag 
b^n ioiperfbftly effe6ited» the fra^ure of the roafs indicate# 
it# firufiire, by numerous imnute concboidal fra6tures« which 
diTplay the form of each globule. But« if the arrangement has 
exteadDd a little farthert all thefe fubdivifions are entirely lofl; 
the mafs becomes perfectly com padl^ has an even or a flat con- 
choidal fratiurey is nearly of the fame hardnefs as the gbfs, 
is commonly of a chocolate colour, graduating into a brow nifti- 
black, and the intentity of the colour increafes in proportiotUo 
the degree to which the arrangement has extended. Its afpeft 
is ra,ther greafy ; and it much refembles fome varieties gf jafper 
in the co4npaflners of its texture, and in its opacity. Itamag* 
netic action is extremely feeble. Its fpecific gravity appear# . 
to he 2.9:)8. 

ff the mafs were now rapidly cooled, k is obvious that 
the refoli wouki be the fubflance I have juft deferibed; bul^ 
if llm temporadure adapted to the ftLrlher arrangement of it# 
p^fles be continued, another change is immediately coirn 
figpyed, by ihe progrels of which it acquires a more ftony 
teigture, ^ealer tenacity^ and its colour deepens as 

tljefe ch^pges advance, iUl it Jbecomes abfolutely black. 
Soiueiijiues this alieration is effeded by a gradual tranfition, 
the limits of which cannot be afligned, but more generally 
by the tbrmation of fecondary fpheroids, in the heart of the 
compa^ jafpedeous fubftance. ^iiefe fperoids difter effen^^ 
tially from thofe fnft deferibe^ i the centres of their formation 
are more, remote from each oiher^ and their magnitude is pro- 
porliounbly gre^ter^ fomeijmes extending to a diameter of 
inches^ and only tp be limited by cont^ with 

peripheri|Bj» of other fperoids. They are radiate^ w}0x 
diftindt fibres; fometime# the fibres refembha tbedie of 
brown haematites, and femetimes they are fiifcictilated irregu- 
larly, fo as to be Very fimilar in appearance to the argltia- 
Cttoas iron ores rendered piiAnatic by torrefadion. They 9 ^ 
generally well defined^ and eafily feparable from the tnafs 
they are enjp^ed in and often the fibre# divide ajt equal 
diftances from the centre, fo a# to det&ch portions of the 
j(perpid in concentric coats. The tranfyerfe fraAar| of tho 
^bres is coippaQ and fine grained ; the polpiK bjlack i and a!^ 
Iwdhefs fomewhat inferior to that of the baiaUic glais. 

twt 
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at 


two of 4he fphermlll c^c into conta^by mutual e])likrgoinBnt« 

no inlermixtiire of their fibres fcein to take they ap*>Conta(i with 

pear equally impenetrable, anci^ as neither can 

both are comf^efTed, and their limits are defined by a planeiirous.^ ^ * 

at which a reparation readily takes place, and each of lhe„ 

tides is invefied with a rufty colour. When feveral fpberoida 

come in contad on the fame level, they are formed by mutual 

prefTure into pretty regular prifms, whofe divifion is per/emy 

defined ; and when, a fpheroid is furrounded on all fides by 

others, it is comprefTed into an irregula^ polyhedron. 

4th. The trantition from this fibrous (late to a difierent ar- Third arrangs* 
rangeraent, feeins to be very rapid; for the centre of moft t«ture^ 

the fpefbids becomes compad, before they attain the diameter great tenacity, 
of half an inch. As the fibrous firu^ure propagates itfolf 
radiating into the unarranged mafs, thecompadl nucleus which aOion. 
fupplies its place gradually extends, till it finally attains, ifiie 
limits of the fpheroids ; find the fame ayrafigeroent pervades 
the matter comprehehded between them« The Mfs nctyv 
alFumed a compafl fiony texture, and pofiTeffes great tenaf^n 
Its hardnefs is fomewhal inferior io that of the glafs from wHS^^ 
it was formed. Its adlion on the magnetic needle is very eph- 
fiderable« Its fpecific gravity is 2.938. Its colour is black, 
inclining to fieei gray: it is abfolutely opaquCi and only re- , 
fic^s light from a few minute points. Though (he divifions 
between the fpheroids are rendered imperceptible to the eye, 
they are not obliterated, and^heir rufiy furfaces are often alf- 
clofed by an attempt to fra^ure the mafs. 

3th. A continuation of the temperature favourable tp ar- Granular rex- 
rangement, fpeedily induces another c^t||fige. The texture^*^' 
of the ffipfs becomes more granular, R#^lour rather morh 
gray, and the brilliant points larger and more numerous: nor. 
is it loifg before thefe brilliant molecules arrange themfelves 
intdregular forms; and, finally, the whole mafs becomes per-* 
vi(f^ by thin cryfialline laminm, which interfe6i it in everycryftaiime Uni- 
d^^ion, and form projecting cryfials in the cavities. 
hardnefs of the bafis Teems to continae nearly the fame; but ^ 

Ihe aggregate aClion, of the bafis, and of the imbedded cryf* 
tals on the magnetic needle, is prodigioufiy increafed. ItFolari^. 
appears to pofiefs fome polarity; and minute fragment! are 
hifpended by a magnet. Its fpecific gravity is fomewbat in^.Increafed den» 
Cfj^Ced, as it is now 9.949. The cryfials contained in it, 

when 
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ivlien examined by a mterofeopej appear to be fafclcaU of 
ilender prifpfi> nearly redtangular, terminated by planes per- 
pendicular tb the axis ; they are extremely brilliant ; their 
colour i,8 greeniih-black ; they are harder than glafs^ and 
i'ufible at the blow-pipe ; they are fufpended by the adion of 
a magnet. They are arranged nearly fide by fide, but not 
accumulated in thicknefs, fo that they prefent the appearance 
of broad thin laminae ; they crofs one another at all angles, 
but always on nearly the fame plane; and the lamina thus 
formed is often three gr four lines long, and from a line to a 
line and a half broad, but extremely thin.'*^ 

It Teems obvious, that an equalised temperature would have 
rendered the whole (imilar. to the Tubfiance lafi clefcribed; and 
it may be fairly inferred, that by a continuance of he.af, the 
minute cryfials would have been augmented in their dimen- 
iions, by the acceifion of molecules fiill engaged in the bafis, 
or by the union of feveral cryfials, tjll they acquired fufficlenc 
magnitude for their nature to be abfolutely deterinined by the 
^m^iiodes of invefiigation. It is probable, however, if fuch 
pnmjtions had been taken as might have fecured this degree 
of perfe^ion in the ulterior refult, 'that the mafs would only 
have exhibited an uniform afpeS, and that (he interefiing ini- 
tial phenomena would not have been difeovered. [ 

There 

It may be obfenred, that the cavities which exified m the glafs 
are not obliterated during the fubTequent procefibs, though their 
interior furfaces undergo Tome change. The minute globules iiifi 
formed often become prominent, and project into the cavities. 
Thc'fe minute pointmgjR foon obliterated by the large curves of (ho 
fibrous fpheroids, v^KKfgivt a niamcllated form to the interiors of 
the cavities; and, when the cryftals are generated in the mafs, 
they (hoot into fome of (hf cavities, and lipe them with thdr bril- 
liant laminae. 

f In this and the fucceeding paragraphs, the word molecU& ja 
ufed in the fenfe afiigned to it by Hauy and Dolomien, and iOlft- 
derftood to reprefent the peculiar folids, of definite compolltion and 
invariable form, the accumulation of which, forms the cryftals of 
mineral fiibftauces. Such molecules, prefepving their form and 
their elTential chara6Ieriftics, may be extra6Ved from moft cryftals 
by mechanical divifion, and may be fubdivided as far as our (enfes 
can recognife them. Though we cannot by mechanical means di- 
really divide them into their elementary particles, we are enabled 

to 
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There are foine eonftdorations which appear to offer a par- Explanation 
lial explanation of the formation of the globules, itid of the ' ! 

radiated Ipheroius. It is well aic^tained that heidf ^ir^oiitted fpbcn ids j I'r m 
by ail bodies, in their change froth' a gafeous to a fluid emiffion of 

and alfo in their change from a fluid to a folid flate. It 
reafonable to fuppofe, that heat may alfo be emitted in thofe 
clianges of arrangement which affedt the internal texture of a 
body, after it has attained an apparently (olid ftate. Tliat a 
hicceflion of fuch changes does actually take place, appears 
to me demonftraled by the appearances I have defcribed, and 
by the increafe of fpeciflc gravity, which Teems to keep pace 
wilh the internal changes of the (ubflance. It would appear, 
that thefe changes are ca^ufed by a gradual diminution of tem- 
perate, which permits certain laws to induce peculiar ar-» 
langentits among the particles of the glafs. When feveral of 
tJiefe particles enter into this new bond of affociationi they 
mufl form a minute point, from which heat muff iffue in every 
direction. That heat w^ll gradually propagate itfelf^ till tlie 
temperature of the glafs is equalized; and then the recur- 
rence of the circumflanccs which induced the firfl purfllllli^ 
arrange, will caufe other particles to arrange alfo, whlicCl^ 
attradion of aggregation will difpofe round the point 
formed. A fecond emiflion of heat in every direction wHI 
take place; (he temperature will again be equalized; and 
again another concentric coat of arranged particles will apply 
ilfelf to the little globule. But, at the time when the central 
point of this globule was formedf the equality of temperature^ 
in the mafs of glafs, would probably caule a number of iimilar 
points to be generated. The formation pf each mull piroceed 
'jn a iimilar manner to what I haa||||H till their 

furfaces touch, and all the glafs be XIHried into the faeiie 
fubftance., 

Thefc globules are therefore forfned of concentric coats. General connee- 
bui'^they are alfo radiated. Every one mail have remarked **®fween the 

, radiated ftruc- 

tn'Wea this by chemical folution, the only. power, to which their by conccu-* 
aggregation yields. It will be evident, from the obfervations that trie coats, 
follow, that I am inclined to adopt the ingenious idea of DolofsTieu, 
chat many apparently homogeneous rocks are compounds of the 
minute 'molecules of feveitil fpecies of minerals; and that, where 
a fuitable opportunity is given, thefc will develope thcmielves by 
Che formation of their peculiar cryftals* 

the 
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the connexion that almoft eniformiy exifts, between the ra« 
dialed (Iru^ture and the formation by concentric coals. There 
are few r|id|at«Kl fubftances which are not dtvifible into con* 
centric fragments $ and as few concentric arrangements which 
are not radiated. Of the hrflj it may be fufllicient to mention 
haematites ; 'of the fecond, calcareous (ialafbtes. The len-k 
dency to this union of ftrudlure, may perhaps be produced by 
the radiation of the emitted heat« or moifture, if the folution 
be aqueous ; and the divifions of the coats will naturally 
take place at thofe paufes in the accumulation of par* 
ticIeSf which the momentary emiflion of heat ne^flarily in* 
duced. 

formadonofthe If this be allowed to explain.the formation of the firft feries 
of globules which confoiic^e into the jafptdeous fubAanni# it 

^ * will alfo explain the formation of the larger and more 4ifiinQly 

radiated fpherptds^ which have be^ already dated to be very 
eaiily divifible into concentric fragments. They probably were 
alfo formed roond a central point, by the accumulation of thin 
coats j and the tendency to radiation, which feems aimed infe* 
l^^ie from this dru£iure, was perhaps aided by the arrange* 
anteiiit induced by the emidion of heat from every part of the 
furface of the fpheroids. This mode of formation lias the ad* 
vantage of explaining their impenetrability. Had they been 
generated by radii diverging from a centre, their compadlnefs 
mud have diminidied as their diameter increafed ; but, in the 
flrufiure which 1 have fuppofed, each coat is^compofed of 
particles folidly arranged in immediate contafl with each other, 
leaving no fpaces for penetration. The fame progrefs is rigidly 
cbferoed tn the ext eqgon of the compact nucleus, which always 
occupies the centt|||||H|tee radiated fpheroids, and finally ex* 
tends to their perjjPlims. It obferves the concentric divifions 
of the radiated part with the greated precifion ; and the line 
of their reparation is always perfeAiy defined, ^ut the ||ate 
of aggregation into which the fubdance has. now entered^ 
fo perfefil as to overcome the operation of the caufes wl^ 
formerly induced tW fibrous firufiiire, and the mafs remains 
compa^. The only change that tlie fubdance afterwards un- 
dergoes, confids in the gradual aceumulatifin of the crydaliirra 
inoleculejs^ and their arrangementi by their individual polarity, 
Into regular foli<ls« This depends on very diSerent laws from 

thofo 
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tbofe which confcKdatcd the fluid glafs, and aggreguteti hs 
particles into a ooinpa£l uniform fione«* 

The appearances that I have endeavoured to diNfeite; ffem 
deferving of confideraiion in feviarai points of Wew. * Paw Ke,IiVrkahW £ir«* 
things can be more at variance With commonly receiirM 
nion, than the diverfified facceffion of changes iSccce^aftf^llu-* 

which this glafs etihibtts in its paflTage to a cryfialliaed ftate.idUymaybeiup* 
The generation of the globules which unite to form the 
dcous fubfiance^ is what we might be prepated to expiedy by ’ 
obferving the cooling of « common iron furnace flag. But it 
appears not very obvious to common apprehenfion^ that the 
fpecies of arrangement ^requifite to form this intermediary 
fubflailBey could be coiepatiUe with any fluidity permitting 
farther motion of the molecales of the mafs ; yet, immedi- 
ately after the completion of this arrangement, they receive 
a new difpofitlOfiy and theradiated fibrous flru^ture commences. 

Sometimes this pervades even the unaltered gfafs ; but I pte- 
feme this only to happen 'where the minute glolfutes flril form- ^ 
ed were fcattered fo far afunder, that their centres bapniie 
fibrous, before their peripheries came into contad/'^’^fW 
view of the fubje6t is juflified by the analogous operation of 


* The cafe is confiderably different, where cryftals poflefling re- 
gular forms are generated in glafs. The molecules of which they 
are formed, have doiibtlefs been only fufpended in the vitreous me- 
dium } and their union iis determia^ by eryftalline polarity, whkh 
appears to me perfadtiy diftinft from the fimple aggregation which 
changes a fluid into a folid, whether it be homogeneous or com- 
pound, which affa^ the internal arrangement of thofe bodies, but 
which nevtr can feparate their conappnentM|||||m diftin£t mafles, or 
form th^ into regular folids. Every jfl|l||nile, at the motnent 
of its formation, muft neceflarlly be endowed with all the proper- 
ties it sdterwards pofTeffes. The fufpe’afion of fuch molecules in a 
flulfl medium, though it may conceal, cannot alter thofe proper- 
and the union of fVich molecules, to form a regular fblid, 
ihKilo re^edl alters their individual or aggregate qualities. Whe- 
ther heat be cnrolved at flic moment of this union, is a queftioil not 
eafily folved ; as the cryftallixations with which we are familiar ai^ 
from chemical fohitibns, in which fome of the molecules are ge- 
nerated by the feparatiem of a combined fubftance, at the momwit 
others are united by eryftalline polarity. 
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th« formation of cry fialsj, fimibrjo ihcatfe d^rfoed, in the heart 
of the radiated fperoids^ while their exteriors fiiil . retained the 
* fibrous te9cMie«. . 

— Rewevir of If it ho tSpii^Ored Bs extraordinary^ that a change (hould 
cWi^ntof****^ efeftad, converting an apparently folid and homogeneous 
v^w. mafs into an accumulation of radiated fpheroids^ and that thefe 

radii (hould lofe their fibrous firudlure^ alTume the texture, 
afpefit, and tenacity, of a compad, hard, and homogeneous 
ilone, it is certainly much more extraordinary, that this 
ftone (hould permit farther arrangement to proceed, and 
(hould enable the cryfiaUtne molecules which it cmitains in a 
fiate of confufed aggregation^ to arrange themfelves, and to 
formcryfials whicbi although. minute, are equal in |lie per- 
foftion of their forms, and in ,ihe brilliancy of their nq|(Mral 
polifh, to the mofi precious products of cryitallizatiou*..,. It is 
alfo well defervihg of obfermion, by how regular u march 
the magnetk; influence of the fubftance keeps pace with the 
perfedtion cj* ,ks arrangement, till K becomes (b powerful, 
tlmt,iragment8 of the regenerated (lone are fufpended by the 
of a magnet. 

Tbeaftofcryf. II has been mofi juftly remarked by Mr. Srnithfon, that 
with^ folution,*far jftom being necelTary to cryftallizalioi>ir effeaiially 
Volution or fluid prevents its comoienceroeiit ; for, while folution fubfifts, cry f- 
combmatiuu talHzaliou cannot take place. It may remain a queftion, whe- 
ther previous folution be efTcntial, as a preparatory means of ob- 
taining, by,fabfequent evaporation, or cooling, the fmall parts 
of bodies iltfoiigaged, fo that they may unite to form regular 
cryftals* If by folution be only meant, that fimple action of 
heat, or water, which merely counteraCls the force of aggrega- 
tion, and relieves ti|||||pioIecules from therl’ bonds of uofoii with 
each. Other, it certainiy is a requifite; but if by foiutifp be 
meant, that adion of affinities by which opt only the force pf 
aggregation is ovcrcoipe, tut the combinations which copfti^te 
molecules are deffroyed, it obvioufiy is not only unilbpl^C- 
fary but prejadtctal to cryfiailizalion ; as a new fet of moIec))^es 
mud be formed, by a new combination of ihe elementary 
particles, before die formation of tegular bodies can commence. 
Sofpenfion ii The fafpenfion of the molecules ready to bryfiallize, may be 
call- merely inecimnioal. Though the me- 
ed nyschanicab chanical a6lion of trituration can never be esqiefled to lefolve 
even the moft eaiily divifible body in its molecules, becaufc 

the 
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th« fradtureg wiK «t lead as frequently acrofs the natural 
joints as ha Iheir'^^diredlion, yet, even by this rude itiethod* 
foine perfect molecules may be di^ngaged $ for^fmdN^d; that 
water paffing over 4arge (urfisces of filiceous fand^^ finds foine 
molecules of (ilex in the fiate proper for aggregation^, and even 
for cryflallization. Mecbdntcal fufpenfion in a fluid medium, 
of fuch deniity that the cryfiailine polarity may be enabled 
to counteradl the power of gravity, is with juftice confidered 
by Mr. Smithfon the only reqaifite for the formation of cryftals. * 

The circumflances I have detailed, appear to me an additional 
contirmBtioli of this remark, and perhaps go flill farther, by 
fliowing^ that even the fluidity (in the common fenfe of the 
word) of the fufpending medium is not an indifpenfable con- an indifpcAtsbls 
ditieU: ' Tor it appears impoflible to annex the idea of fluidity condiUoa. 
to the^mton of the minute globules which form the Jafpidcous 
fubKlance, Aill fefs to that fubflanee when formed, and flill 
lefs to thofe 'fpheroids whole obflinate impenetrability i^o 
flrongly defined. And* if, by any power Of imagination, 
thefe ean be fuppofed to be fluid at the time they retaii|,ibis 
coaformation, how can it be fuppofed that the compaftliHijl 
tenacious flone into which ithey are changed could retain 
thefe charaders in a fluid (late? Yet the fubfeqaeDt formation 
of cry dais proves, that either all thefe contradiAtons mud be, 
or that the particles of bodies apparently folid mud be ca- 
pable of fome internal motion, enabiingthem to arrange them' 
fclves according to polarity » while they are folid and fixed, 
as far as they have reference td the ordinary ebaraders of 
fluidity. ' ^ 

Indances even more remarkable have very long been known Inftancea of the 
and authenticated, though perhaps tbeyllsf e not been generally a*nrarrange-'**”* 
regarded with the attention then deferve. Glafs vetTels are ments of par- 
well )cnown to be convertible into Reaumur’s porcelain, by the at' 
inidrnal arrangement of their parttdei, without lofing their below fufion. 
eilMnal form, and consequently at^ a temperatoie very much 
bdk^ that requ'iflte for their fufion. The change 4>f glafs into P®'* 

Reaumur’s porcelain, does notarile from an evaporatron 
the alkali, as||has been alledged, but from a regular, arrange* * 

I** See a chemical Analyfis of fome Calamines, by James Smith- 
fiiai £d|« Philofophical Tmnfaflions for 1803, page 27. See a!fo 
]>eloiiucu> JnartMl dts Mirnst Ho, 22, page 53, 
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Mnt of the moltscuks ofifks glaHt. ^ It ‘cottiineltcos by the 
foriiiMibn of 6biSe»ft t>erpeiidicu4iEit to Che fufi'ace of the glafs, 
^ond penm^g Htto M nearly the fame time, fmiall ra- 
draCed glelNilejt are rdrrfteftf in the interior of the glefs, and 
the WSHHn of Ihefo with the fibres, by their metual increafe, 
forms the iMfhole into a new fubflance; and, if the requifite 
temperature be longer maintained, the fibres difappear, and 
the whole becomes fine-grained, and ahooft compact This 
fubfiaiice, from the improved flate 6f aggregation, is much 
ilronger and ihore tenacious than befote, and is not fufible at 
a heat fufircient to fufd the glafs it was formed frOtti ; but, if 
that aggregation be ofibe deftroyed, the glafs refullihg from 
its fuifion is equally fufible with the original glai's ; afid a re- 
petition of the procefs will again form Reaumiir^s pordMain, 
which may be again fisfet], and fo Oh repbafiecilyV "Ibr the 
vjuanttty of afitali evaporated during the bperatioh is ex- 
terdening ; tfetnely fmatl. The hardnefs and brittlenefs Of metals rapidly 
touring} an- contrafied with the foftnets and tenacity refulting 

from theiit gradual refrigeration, are all atiafagous ihfiances ; 
ahd^alf the procefies in which annealing is 'employed, and 
more remarkably the tempering Of ficel, the proofs of the 
internal niitfens and aitangements of the particles of matter, 
at temperatoto very much below thelieat is requifite for their 
fluidity. 

Cfyft«ni*ation Wha^ver doubts may arile refpeiamg the formation of the 
fo««*nattirc cTyfikh, there feems noreafon to fuppofe that their gradual 

4 jlr 9 »ghouti increitfo Would ceafe, till all the molecules belonging to that 

fpecies were exhaufied, if the temperature favourable tO their 
generation was continued. If the mafs was entirely compofed 
of one fpecies of molecules, it would be refolved ihto an 
aggnsgatibn of cryfhlls of the fame Tub fiance ; and ptfibably 
by d fiiU farther continuation of the procefs of arrangement, 
fUHO dim Cryfial, Whicb,^ though it might not pofiefs a 
oSOdriidl fordf^ would be perfofil in its internal firuTQure. 
ersartideiaif- $f thO mafs contains two^dfRin^ fpecies of molecules, 

fiuxB each ^g|g^eilt refults mull take pldte, wMth wlH be modified by the 
piropoi^oiml =^arttitfeS‘of the cdm|rahen(^. As it has been 
, demonftrated by Betthollet, that the attra^ion of maffes of 

.OeneraHy, the ituitter are relatively as their quantities, it follows, that onlefs 
Sr*eAkffl!t*w5l * potent countera^ing caufe tfe exerted, the moft alfiin- 
er}fod)^firft. dant ingredient in the mixture witt be the firfi to cryfiallize, 
Q Bui 
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Rut ibis pryAal^iaftRon^mllno^ eomf^rehend the wbolt^f ki 
molecules I fof, after a eertam qaaiititjf ol' them are arranged* 
the proportions of i]be remaining itiid are abetedi that fngre« 
dient which was before the lead* leajr.oow be equal* or wen 
greateft, and it will eafiereife kt aUn^ion. As the foA^cryf* 
talli^tion* by fobtrafU ng a large partioaof the floid particles* 
muft have obliged the molecules of the left abundant fubftance 
to approach each other very ckdety* they may be able to col- 
let ihemfeiik'es entirely ia their 6rft aUempi to cr 3 'ftaliize* or 
they may form alternate cryftalUagattons wiUi tjie remaintog 
anarranged molecules of the more abundant fubfiunoe. How- DIverfitieik 
ever variouis the fpecies of moieculea may be* they will be 
regulated, by analegoua aws, and only ftrrve to diversify the 
genoffied fubftances* « ^ 

It bji^ith meaim. lidfo that the cryftais afterwards fonod The mok iaSa* 
to be mod iiifefiUfo wieuU be firft generated. Their formation 
does not aliogether depend on their greater or l«& fo0bilitijr*4:efliiri>itt , 
but on tJbe relative ftrer^ of the attradion which uoiiea them ^ 

to the matter they are immerfed in* and of the polarity wbfob 
invites them to crydallize. in all cryfiallseatioQ from eana«f 
pound fluids* the order in which ihe feveral bodies cryftallize 
muft be determined by their relative quantities and aUra^ions. 

It is perfodHy obvious* that no molecules ciui form a cryftal 
in a heat fuflicient for its fuflon ; but it by no means enfues* 
that it will be formed as. Toon as the molecules are oiKdedrki 
^be point where the cryfialline polarity overcomes the difiote- 
grating power of heat ; fur they may remain fufpended in a 
fluid formed by more fuftble bodies* provided this fluid be 
fufficiently abundant to keep them from contaA with each 
other* fot^JSte cryftalline polarity appears to eaert itfelf only 
at exlretnely fmail diflances. In a mafs compofed of fuk* 
flances in a ilate of fluidity* with cefradory molecules fof- 
peoded among them* it is pretty cimir* from the precadhig 
Pii^aplb that the moft ahondanl i^jmcbent wit b^ thi»4rft 
to cVyflallisse. But the reoioval of a poclibn of thefafpendkig 
fluid muft bring the refraftory moipcules nearer together* gnd 
perhaps fo jwar that the oryftatliiie polaiaty may overcojiw 
Ibe attradfon of the fluid for them ; they will thereforewfyftai* 

Ufip nmsti and will be followed by the remaining ie^edimMt* 
in the order their aitradions di£late* 

As 
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Wkttkrefras** A« tli6 cryfltfis laii mwft he imprefled, 

S5ftSu*eTficr ^ conUia, fajf Ibe peeulier forms of thofe which 

siOTcfttftble have hem firft generated^ .it alfo foltows, if the preceding 
***^havc^the hc jttft, that tlw hifuiihlo cryilals may be foand im*- 

prefled;^by,the more fiiftble fubftance, which cryflalliaed hr A; 
ifae£elaft. and the remaining ingredients of the mixture, which were 
fabfequently arranged, ntay be moulded on the refradtory 
cryAals $ and thus, in the fame f|^cffiien, may exiA a refra£tory 
fubAance generated by ArO, imprefled by more fuiible bodies, 
Ko cryftal more and impreiling them in its torn. From the lame conAderatien 
«Bvcbp?n^m^s» obvious, that no cryAal can be formed at a temperature 
€ui be formed above the degree of Hs foA’bility ; and that, as a aeceAary 
ly igneous confequonce, no cryflal which fs more fuAhle than the hahs in 
^ ’ which it is imbedded, can beformed by igneous opeMioife 
Aqueous foitt- . The fame laws mu A regulate the arrangemeot o£^ol|fieQas 

molecules furpended in 'aqieaut felations. 
A«m thofe in All thefe are dependant on heat ; for we are unacquainted 
fluidilyi and coni'equently With any folotion, which 
cd by fufionheat Aoes not produce. Ice and foda have no moiw action 
ef the (olid wa^ oilier than foda and quartz: ralfe (he temperature 

ter, orjee, and it unites. with the (bda; raife the temperature 

of the roda*i and it unites with the quarlz. Both folutions 
are effected hy heat, of the degrees of which we know 
neither the beginning nor the end, and are therefore utterly 
unable, 4o^eAimate what aliquot part of its fcale is adequate 
to t)ie,s«produ€tion of thefe effedls. Probably a very mmute 
one. 


(To be continued,) 
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dsiCQfm 'of Meth&d qf bleaddng Coti^n, wt pre&ifid at ^ttk^ 
kur^hp md ilvtjiirt iQfi giving a permanent Rtd to CoUomllind 
idnea. By M« C. Scho£rbing.* 

Stfzburg method \^OTTON thread is always wstflmd before it goes to tire 
The method of warAitng here to be defbrihed gives 
’ ' \i SMapiUch whiter colour thau ordinary ; and it is equally appli* 


* Journal of Van Mons, No. 16. 
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caMe to cottons lit dm fiiece. This method is called, fer whaA Saisbuti^h mt* 
reafon I know not, the Salzl^urgh method, though it to chiefly 
pra^tifed at Keginlburgh, where four families haee long keptthiead, Ok. 
it a fucret, which has nut till the prefent occaflon beendivttlfed* 

'rhis wafhing renders the cotton more flexible ; the goods made * 

from it are of a cloler and more even texture; the cotton does 
not require any f'ubfequent bleaching, and when it comes af- 
terwards to be dyed, it lakes a finer, more permanent and more 
uniform colour. The operation is performed with loap, water 
and flrong leys, in the following manner: 

The articles to be walin^d, which ufually coiififi of thread, 

/lockings, night raps, and' handkerchiefs, are evenly difpofed 
in a latge veflel or tub. The bottom of this veflel is firft co« 
vercd*Wdh a coarfe Im^n cloth, upon which are laid firif the 
haiidkerchiers, afterwards (he /lockings and night-caps, and 
laflly the tbreadw The wiuile b then covered with a fecond 
coarfc cloth of a clofe texture, and very clean, w1i4ch defends 
the mafs from the contact ot the air. The veflel itfelf refembles 
thofe nfed for lixiviation in the foap work of Kon/holm* A 
boiler having its diameter at the top l| Swedilh ell (forty 
inches) and at the bottom ell (34 inches) and its depth one 
ell (27 inches) is filled with water to which a fuffictent quan- 
tity of caufiic leys of potafti is added to make the fluid produce 
a greafy feel between the fingers, and afterwards 2lbs. of 
diced (oap of Rigentburg. This liquid is made to boil and 
poured upon the cotton ; a (hort time after which it is drawn 
otf, to be again heated, during which interval a hot folution 
of foap is continually poured upon the cotton. Thefe oper- 
ations are repeated for four or fix hours, or until the cotton k 
well foahed, and very hot. It is then left to deep for twenty- 
four hours in foap-water. This procefs is ufually performed 
between midnight and fix in the morning ; and the next morn- 
ing the fluid is drawn off, the cotton well waftied and the 
w4l0r preifed out by a ferew-prefs. This coofiUates^the firft 
waihing. 

After the cotton has been well cleanfed In this manner, the 
principal wafoing is effeAed as follows: 

The waflied cotton is dirpefed in the veflel as before, with 
this difleiencii only, that the mafs is enveloped in cottoii^eleth 
inffead o£ linen, which islefs capable of refifling the aAion of 
the cauftic leys. A clear kitd cdlourlefs ley is prepared with 
* two 



two iiirds wood oRm nod /< 004 g third Umo^ «|d osoncftoteti 
WwcWnf tot- defconds flowl^ Ui it (rpncific gravity about 1 .03 1 1# 

bMithre«d» &€• This hy in • boiling ftate is pourodupon the cotton j after 
which k is drawn oflTi again heated, and again poured on: 
and this repetition is continued from midnight to noon, or far 
twelve boars. The whole of the ley is then drawn off, and 
the cotton taken out of (he veiTel while hot, with the hands 
defended by gloves, arid after fpreading it upon a table, it is 
again put into the veflel, but in a reverfed order. The fame 
wattling is repeated with other leys and continued for twenty* 
four hours. 

Lattly, the boiler is filled with water, to which 2lbs, of foap 
are added, and the liquid brought to the boiling heat. The 
cotton is waihed with this water, conftantly kept boiliiaf 
twenty hours, and is afterwards left to fieep for ten or eleven 
hours. The fluid is then drawn off, die cotton taken out of 
die veflel, and %read on a long wooden table, where it is 
wathed and beeded, and afterwards walhed in a running 
water* Lattly, the water is preflTed out by means of a prefs, 
and the cotton dried upon flaves in tbe fun, or in damp weather 
in a room appnapriated to that purpofe. 

The remaining leys after thefe wattiings cannot be ufed a 
fecond time, but have a blood-red colour ; they are mixed to- 
gether, and are uCed in the contmon operations of tbe laundry. 
The fuap waters are thrown away. 

The ftaves on which the cotton is fufpended mutt be walhed 
every time. It is preterable, when the weather permits, to 
tufpend each piece by threads and ttretched cords in the open 
air. Tbe pieces ought not to be brought too near together, tor 
feao lefi the places to which the air has not free acoefs (hould 
be (potted with brown ipots. 

Piece goods and raw linen thread will receive a partial 
faleaebing by Ibk methoef. It is neceflary .however to make 
the toys of only half 4he ftcengtb» and die lixiviadon ma0ke 
continued only half the time, for fear of weakening the tex- 
ture. 

Linen and cotton as vegetable fahflancet hove the defed of 
not taktetg fixed colours. Tbe caofe lefidea in their relieous 
principle, of which (hey mull be deprived. Alcohol wipeM 
be a fore and eafy folvent for this princlplef bet it is tooott* 
pcfiii ve. alf^ehoL the beft folventsof this principle nod 
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oil* of every defcription, but particularly fifli oil. The eoN 
ton is foaked in this oil for 24 hotirs^ after having again boiled 
it for two hours; it is then run and fufpended in the air for 
fome days, in order tliat the oil may be well feparated, and it 
IS entirely deprived of the oil by a flrong hot ley with fubfe- 
(juent wadiing and drying. For this cffefl a ley of two thirds 
afliesand one third lime may be iifed, with the fame quantity 
of flieeps dung as of both the before-ntcntloned ingredients. 

The cotton is not only boiled in this mixture, but it is alfo 
applied feveral fucceflive times; the goods being waAied in 
clear water between each lixiviation. The cotton tnread may 
alfo be wathed in water containing a fufhcient quantity of pot- 
a(h to render it gtl^afy to the feel. The thread is to be boiled 
for twelve hours in this ley, or till the fluid becomes black. 

Laftly, the thread is waflied and deeped in water acidulated 
with weakly fulpburic acid, it is to be taken out of this fluid 
after remaining in it at lead an hour, and then waflied and 
dried. • 

If this method of bleaching were once generally known, 
it would not be neceflary to purchafe the article of the bleacher, 
or to fend cotton to them to be bleached. In order to afcer- 
tain whether cotton bleached in any manner whatever is per* 
feclly deprived of its redn, and proper to receive the dye, the 
glafs is to be filled with water, and a thread of the rollon 
placed on the edge of the glafs, fo that half its length fliall be 
within and half without. If the former end finks in the water 
and the whole thread a6ts as a fyphon, by caufing it to run 
over, it will be a proof that the cotton will have the requifite 
purity. 

The cotton thus purified mud pafs through three mordants : Red dye for 
1. A deco6tion of nut-galls, 2. A folution of tin; and 3, «>f**»“* 
alum water. 

For the deco£fion of nut-gall. For lib. of cotton or linen 
thread. For the former half a pound cjf the dark coloured 
nut-gall, or for the latter lib. is taken. The nut-gall isgrofsly 
pounded and boiled with a handful of birch leaves in a copper 
boiler, with two and half pots of rain water till reduced to 
one half. The liquid' being left to fettle and poured while ye^ 
hot through a cloth on the cotton, this is fuffered to deep for 
24 hours, frequently working or preffing, in order that it may 
be oiii verfally penetrated with the galling principle. It is then 
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fakrn onf, rung, and dned by fiifpenclirtg it In the open air, 
nr in a heated chamber. Il is needful only to take care that 
no wafer (hall drop upon the colion, as that would produce 
Ipots in the dye. In this operation the thread mutt be clofely 
packed together, in order that the nut-gall may uniformly pe- 
netrate its mafs. It is then conveyed into a folulion of tin, 
made as hereafter deferibed, and the deco6tion of nut-gall 
mutt be kept to be ufed in the aluming. The folulion of tin 
IS prepared in the following manner: Sal ammoniac or fea fait 
in fine powder is to be ditfolved to futuration in lib. of aqua- 
fortis; 2oz. of fine Englifli tin rafped, are added to this, or 
as,much of the metal as the acid can di/ToIve to fatiiration. In 
another veflel, 2 oz. of fea falt are to be dil!oIved in one pint 
of rain water, and the foliition of tin is lobe poured drop by 
drop with continual agitation into this fall water* The galled 
thread is afterwards put into a (lone ware vetTel, clofely preffed 
together, and the lad mentioned jnixlure poured thereon 
I'lie thread mud be occaiionally comprefTed with the hand, in 
order to atdd the penetration, and it mud then be covered from 
the air and left to deep for twenty-four hours, at the end of 
which time it is taken out, rung and dried in the air or in a 
iieated room, where it may remain for 48 hours. After this 
if is waflied in pure water again, dried, and em(?rfed in the 
alum-water, of v\ bich we lhall proceed to deferibe the corn- 
pod I ion. 

The remaining folution of tin is referved for a fubfequent 
operation, for which, in that cafe, no more than three quarters 
o^ a pound of aqiia-forlis and the other ingredients in propor- 
tion, need be taken for lib. of thread. 

The alum water is made as follows; Whatever may be the 
kind of alum, it mud be previoufly calcined. One pound ot 
llie crude alum is requited for lib. of thread. When it is cal- 
cined it pulverized and didolved in one pint or Englifli quart 
of water, and rather more than an equal meafure of the 
maintng decodlion of nut-gall is added. Thefe being well 
mixed and heated, are to be poured on the thread, which has 
been treated as before with the folulion of tin. It is left for 
fourteen hours in this bath and aderwards prefled and dyed. 

The dying lib. of good bruifed or ground madder previ- 
oufly foaked for fome hours ig water, is put into a boiler of 
fufiicient (ize, which is to be filled with watec and placed on 
2 a moderate 
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A model’atc fire. As foon as the contents begin to beat, the **y® 
thread is put in and continually turned. It is requi file that lhe*°^^^**** 
thread fliould have been previoutly fieeped in water, and af- 
terwards wrung, in order that it may be very equally penetrated 
with the colour. The thread is left in the bath till the liquor 
boils, after Which it is taken out, W'ell waflted, the threads are 
arranged on tite hand, and the water prefled out. This firft 
dyeing gives the thread a pale red colour. The boiler is then 
emptied and again filled with whaler. Into which another pound 
of madder previoutly fonked iii water is put, and this bath is 
heated. As foon as it has become hot, the thread is put in and 
boiled for one quarter of an hour* Care muft be taken that 
the heal be not too ftrong* The firft bath fliould fCarcely boil, 
for fear the articles fliould lake a brown colour ; but this incon- 
venience is not to be feared in the fecond bath, when the thread 
is already penetrated with a red colour. After the thread is 
well waftied for the fecond time, it ought lo have a deep 
brown colour; if it has tiot it muft be again boiled with a 
quarterm a pound of madder. After the laft dye, the thread 
is to be wallied by hand in hot foap water, after having waftied 
it in cold water, and it is then to be dried. 


XV. 

Report on an artificial Produdion of Compho^^ announced by 
M. Ki N u. Read to the 6'ociety of Pharmacy by Bou lla y.^ 


13&ING charged, in conjun^ion with M. M. Cluzcl and 
Chomet, to give an account to the Society of an inlerefiing 
phenomenon announced by M. Kindp in Tnnnmjdorff's Joum^ 
de PharmaCie, exlracled and reported in the 14th number of 
i\ke Journal de Phyfique et de Chimicf puUifhed by Van Monst I 
now inform • them of the rcl'uitof ourlSours. 

For the purpofe of procuring the arthritic liquor of Pott,^* Kind*i 
which is preferibed here with advantage, for refolving the no- Jhe 
dofities and other obftinate tumours winch form upon the joints, of ca nphor by 
I intended,'' fays A/. Kind, to incorporate the mariattc gas 

> abfurb muriatiA 

^ From Annales de Chim^ Frufiidor, No« 153. Vob LI. 

K 2 with 
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Repeated by 
M. Trommf- 
dorfl'* 


with oil of turpentine, at the tnilaut of the difengagement of 
the gas. Ttiis operation thewed me a phenomenon which, 1 
am of opinion, is deferving of being known. 

** 1 put decrepitated muriate of foda into a tubulated retort ; 
r adapted two of WoulPs bottles to the retort, into which I 
liad pul a quantity of oil of turpentine, equal in weight to the 
fait. On this 1 poured h^lf the proportion of concentrated 
fulphuric acid, and I difengaged the muriatic gas by a gradu- 
ated /ire. At firft the oil acquired a yellow colour, afterwards 
a pale brown colour, which, towards the end turned to a deep 
brown. After cooling, the liquor was almoft wholly coagu- 
lated into a crytlalline mafs, which, in every refpedt, com- 
ported itfelf like camphor. 

" 1 do not think,’’ fays M. Kind, that a fimilar produfiion 
of camphor has ever been noticed before; but Meyer fpeaks 
of a concretion of a camphoric nature, formed in oil of Jur- 
penline digefied w'ith dry caufiic fait.” He afterwards in- 
ilances a formation of camphor obferved by the late M. 
Trommfdorff, on diftilling elTenlial oils on lime. ll^is pro- 
bable,” fays M. Kind, that the great tendency of muriatic 
gas to combine with water» determined the union of the prin- 
ciples of this liquid contained in the oil, fo that the carbon be- 
came predominant, and made the oil brown ; and, that the ef- 
fc£l of this acid gas on it, correfponded with that obferved by 
Achard, in the a£tion of concentrated fulphuric acid on fat 
oils. FTe did not remark that (he heat was as confiderable du- 
ring the aflion of the gas as Woulf ftated it to be.” 

Jn an additional note, M, Trommfdorff announces that he 
had repeated M. Kind’s experiment, and tiiat he had obtained 
analogous refults. 

He dried the concrete maiter between (beets of paper; it 
became very white, femi-tranfparent, and pofleffed the fol- 
lowing properties; ^ 

Its odour was very analogous to that of camphor, 

but injured by that of^e turpentine. 

Placed in a filver fpoon, and heated over red hot coals, it 
volatilized without leaving any refidue, and yielding a ftrong 
Jinell of camphor. ' “ 

** Its vapour inflamed. 

'' Expofed to a gentle heal, in a fmall phial, it was entirely 
(ublimed. It diflblved with facililflin oil of almonds. 


It 
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**lt Was entirely diilblved by alcohol, but nolfo flewly as 
common camphor, and was precipitated unaltered by water. 

Concentrated nitric acid afie6ted its folution, at firtl tran- 
quilly, bat afterwards with a difengagement of nitrous gas and 
heat. The mixture became turbid by the addition of water, 
but did not depofit camphor,” * 

He concludes from thefe experiments that this produ£l com- 
forted itfelf exadlly like camphor, except with the nitric acid; 
but he believes that this difTerence may depend on a fmall 
quantity of muriatic acid, or a little oil of turpentine, from 
which it is very difficult to free it entirely. 

M. TrommfdorfF afterwards difengaged the gas from a 
quantity of muriate of foda equal to that employed in the firfl 
experiment, through the matter remaining in the bottle ; but 
he found that inftead of augmenting, the camphorized part 
dirniniflicd in quantity, loft its camphoric odour, and the alter- 
ation of its other properties induced thischemift to believe that 
the new addition of gas had caufed it to undergo a decompo- 
fition. 


The above experiments, repeated with the greateft alten- Repetition of 
thin, gave us fatistaflory refulls, even with the difterent ffe- 
cies of oil of turpentine of commerce, report*,^ 

The importance of the fubje6l, and the objedlions made by 
fotnc members, at the reading of the obfervation which lead 
to this report, made us fenfible how much the labours of M, 

Kind left to be witlied lor; the quantifies of the product alfo 
not being indicated, wc thought we fliould accomplifti the in- 
tention of the Society, in following the track marked out by 
the author, if we endeavoured to adtl fome fadls to ihofe he 
has publiflied, and we prupofed the following queftions for our 
guidance. » ^ 

ift. Does the gazeous muriatic acid ferve to determine the Queftions foi 
re-a^ion of the principles oftlie oil of tulpenline, and Iq change 
their proportion, to form the camphor; or, is its aftion limited 
to infulating this immediate principle, from the oil with which 
it was not combined ? 

What is the quantity of the camphoric product ? 

Srd. Will a greater quantity of the gas than that indicated 
^y M. Kind add to the product, or will it deftroy it? 

4tli. Will another quantity of gas added to the liquor which 
has yielded the camphor, and from which it has been feparated, 
determine a new furmatiun of ihu principle in it ? 


5 th. What 
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Apparatui. 


Proportion of 
il^rcdtfnts* 


All the |pi8 wai 
tbforbed. 
Changes of die 
oil* 


CryllairiAe pro* 
doft by repofc. 


Mo«e cryilala 
by cold. 


5th. What are (he bed means of purifying this (tamphorv 
and of freeing it from the odour which it retains ? 

6th. What are the relations and difTerences between the 
purided camphor of turpentine, and that of the camphor* 
laurel ? 

7th. Would liquid muriatic acid produce the fame eflFeft ? 

8th. Would the other acids aQ in (he fame manner on this 
oily fubfiance ? ^ 

The complete folution of thefe different queftions would 
doubtlefs have required a great number of experiments, to 
which we were unable to attend: we fliall only relate thofe 
which we made. 

With a view to obtain a more confiderable produft, W(hich 
would yield us the concrete matter in a quantity fufheient to 
be afeertained and fubjeded to different experiments, we pre- 
pared an apparatus (imilar to (bat ufed by the author of the dif- 
covery, but of larger dimenfions. It confided of a tubulated 
retort, and two Woiilf’s bottles, provided w'ith their tubes of 
Communication and fafety. Four pounds of marine fait, and 
two pounds of concentrated fulphuric acid were introduced 
iplo the retort; four pounds of very white oil of turpentine 
were poured into the firft .bottle, and two pounds of diftilled 
water into the fecond. Fire was placed under the mixture, 
and augmented gradually till the entire difengagement of the 
muriatic acid gas, vvhich was totally abfor bed by the oil. The 
latter exhibited the following phenomena: it became at firft 
of a citron colour, and afterwards brownifl), which grew gra- 
dually darl^er towards (he end of the operation ; it retained its 
tranfparency ; it grew very hot; its volume augmented about 
a tenth; the fides} of the bottle were covered with fmall lim* 
pid drops which united ilowly at its bottom, in the form of a 
thick oil, ^ 

Left to itfelf for twenty-four hour>, it fotined a mats of ir- 
regular cry ftals, from which ran a brown liquid. When dried 
and ftrongly prefled between flieets of paper, this cryftaliine 
matter was very white, and of a peculiar odour, participating 
pf the oil and the acid made ufe of ; it weighed twentjy||iir 
cninces. ^ 

The liquor which had been feparated from thefe cryftals, 
expofed in a cellar for feveral days, yielded others, which dried 
like the firft, were of equal wbitenefs, and weighed four ounces. 

To 
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To afcertain whether there did not yet extft a further qoaii* 
tity of this concrete matter ready formed, in thisfoitof mother- 
water of camphor, it was expofed to an artificial cold of eight 
or ten degrees below 0, during fevera! hours. By this roeaxis Seven and half 
it yielded other cryftals, which, colledted like the preceding, 
offered the fame characters, and weighed two ounces; this of oil of turpeuv 
brings the quantily of camphor to feven ounces and a half for 
each pound of oil of turpentine. 

This liquor, not appearing capable of yielding more cry- 

A I 1- • 1 1 • ® f 1? I pniducc cryftalt 

/talsS, was divided into two portions, one of which was re- refidual 
ferved for examination in this flate, the other was fubjeCled to liquor, 
the action of a new ((uantrty of acid gas; it diffolved a part of 
it, and became ahnofi black, without lofing its tranfparence, 
even after remaining for feveral days in the cellar. 

Anotiier dofe of oil of turpentine was cliarged with a pro- Double quantity 
portion of gas, double that mentioned above. The precipi- 
tation of camphor took glace in nearly a fimilar quantity ; the 
liquor was very little more coloured, but a much greater quan- 
tity of fat oil was formed. 

An ounce of this matter wafhed in diftilled water, and put AdtionofdSf- 
in a filler to drain, became of the moft beautiful white; it 
longer gave (ig ns of acidity, but had flill an odour of turpen- 
tine. The water in which it had been walked was very aro- 
matic; it reddened the tinfture of turnfole, and precipitated by 
nitrate of lilver. 

An equal quantity of the fame fubHance was waflied with * 

water impregnated with a fiftieth part of unfaturated carbo- ^ 
nate of potalh : it loft much of its firft odour. potaih. 

New portions of this rough camphor were mixed in equal Action of char- 
parts, one with charcoal in powder, another with very dry 
alhes, a third with quick-lime, a fourth with alumine fporrcualumine, 
lain earth), and were introduced foparately into fmall glafs 
alembics, the capitals of which were, by a gentle heat, ra- 
pidly covered with diftinCt groupes, compofed of a multitude 
of fmall needle- formed cry dais, diverging from the fame 
center. , 

Purified in this planner, it entirely loft the odour of oil of OthcryiapenicN' 
turpentine; that which it retained was more analogous (o com* 
ipon camphor, but not fo ftrong. In this ftate it fwimt on 
water, to which it communicates its tafte; it burns on its fur* 
face, without experiencing the revolving motion obferved by 

frofelTor 





PMltfnr Venturi. The^onJjr ni<Mon ve obferved wet the re 
felt of tbe motecuiei^ eUfaAumi wbieb deternined a great 
number of the fragments difperfed over the furfece of the 
water to collet in one pomt« 

If fdable in It is wholly and readily diflblved in alcohol, from whicli 
afeihoU water feparates it unaltered. 

Aaion of dilute Nitric acid, at thirty degrees of Btaume*s areometer, poured 
nitric acid. on this new camphor, had no action on it, even after feveral 
days of contad; although the fame acid dilToIves the common 
camphor with the greateil facility, becoming covered with an 
oily firatum, and water prect||itates pure camphor from it. 

Of eoBceatrated Very concentrated nitric acid had not, at firit, any adion on 
nitric acid. our camphor; but after a few feconds the folution is efleded, 
and at the fame time a difengagement of nitrous gas is mani- 
feded: water rendered this folution very flightly turbid. The 
fame acid, on the contrary, dilTolved the camphor of the (bops 
rapidly, difiiifing white vapours. - This folution took a beau- 
tiful fire-red colour, and water feparated pure camphor from it 
in flocks. 

It is net dif- Neither did acetic acid, which perfedly dilTplves the com- 
by acetic jjjojj camphor, effed the folution of this. By heat, it foftened 
and Teemed to diffolve ; but on cooling, it was wholly colleded 
on the furface of the liquid, with all its properties. 

We afterwards examined the liquor called the mother-water 
ef camphor, 

Pliyfieal proper- This brown tranfparent liquor, lighter than water, heavier 
alcohol, fumii^ by contaft of the air, of a peculiar odour, 
fapuliaroil. * fwam above a thick reddifli oil, the fmall quantity of which 
obliged us to negled the examination of it.* The tade of this 
mother-water was iharp ; it did not mix with water, nor yield 
sis acid to it. Agitated in this liquid, i.ts particles remained 
difperfed fora long time, before they colleded on il$ furface. 
Solnblcln ilco- Alcohol and ether diflblved it completely; but the addition 
M artd ether. ^ watter feparated them. 

lalammabk. Inflamed in a capfule, it bums witiiout a refidue, diffufing a 
confiderable quantity of very odorours fmoke. 

Alkiwtpf f«1- Concentrated fulphuric acid poured into tjiis liquor, blaOk- 
fharicapld, ened it, and difengaged from it fome vapours, and a VAry 
ficong Mtm of gaaeous muriatic acid. . 

* We only alcfftain^ its f^ubiUty in alcohol and fulphuric ether, 
and Its 4afidnhility in wider. 

A folation 


idAof the 
SBBther- water. 
Pteuliar oil. 


Soluble In alco- 
' M and ether. 

laflammabJe. 


Alkiwtpf (el- 
fharic arid. 
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A fdJiitioh of eryttill!^ cailbmato of foda proafioM in d rfc ttdimt 

effemfeeitce ih it, dtibbloured it, renderod ft filter, aiid“ ** 
formed muriate of foda. 

This muriated oil, diflilled to dfyncfs in a fuitable appara- PrftBtids by Iti 
tus yielded fome muriatic gai, fomc drops of thick oil, fimdar ^‘^‘^****®*^ ^ 

to that mentioned above, a very light and very combuftiblc 
perfumed liquid,* which comported itfelf with water, alcohol, 
fulphuric acid, and foda, in the fame manner as before didiU 
Jation; there was only Icfs muriatic acid in it. The refidne 
was a black matter, glutinous like pitchy diiTolving imperfedtly 
in alcohol, and yielding muriatic acid to water. 

We afterwards made a mixture of equal parts of oil of ttir- Mutual afbonaf 
pentine and muriatic acid at 25^. Weagifatedit from lime 
time, and then left it for feveral days. The oil took a reddilh acid piuiucesa 
brown colour, the acid alfo became reddidi : both of them 
preferved their trahfparence, and at the point of conta6l of^ody. 
thefe two liquids, was perceived a concrete dratum, having 
feveral of the properties of camphor, but its quantity was fo 
fmail that we were obliged to neglect it. 

A fadt of this kind is to be met with in the tranflalion Previous d!f* 
of the Chemical Recreations of Model, publidicd in 1774, 

M. Parmentier, 

This philofopher exprefles himfelf as follows, in page 400 
of the drd volume of this trandation, in the additions which he 
has made to it : 

** A very curious and very interefting obfervation to natural 
philofophy and cheinidry, is, that M* Marges, furgeon, in a 
work, the objedt of which is the examination and’ chemical 
analyds of different medicaments fays, that he obtained, 
from the digedion of a mixture of fuming marine acid and oil 
of turpentine, fmail faline concretions, which at the end of a 
certain time, became more confideikble, and took tlie figure 
of a crydatline fait, in form of a parallelopipedon, while the 
oil which fwam above them was coloured red, and acquired 
a very thick confidence, &c. 

It is very probable that thefe crySals were the fame aslhofe 
whtdh wOriBf obtained in fuch great abundance from the adtfdQ 
of t^ifiiitiOgaiaeOas acid. 

Tha fattle oil was faturated with oxigeitalad tturfitteaiiHd Ojdgensted ma« 

j riatic acid gas 

♦ Paris, 1774. Second edidoiu 

' peauae* 

gas; 
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gaf; it acquired a fataiiwd Ui . jUailfpirciice, 

Ko camphor, became a liule more cdniifienl, hoi did not produce any 
camphor* 

AAtonofful- Concentrated fulphartc acid a&lng too violently on oil of 
phnricacid. turpeutineji the decompofition of which it fpeeddy effefls, we 
made a roixiure of equal weights of this oil and fulphuria 
acid marking only 40^ of the areometer. The aAion was 
confined to the point of contad> and was analogous to that of 
liquid muriatic acid. 

ainw diftillation Eight ounces of oil of turpentine were kept for three days 
rfwl of twrpen- a glafs alembic, placed on a fand-batb, the temperaiure of 
which was maintained at about forty degrees of R^autnur^t 
fcale. This time being elapfed, we found in the recipient 
nearly four ounces of a very while and very light volatile oil, 
and in the capital many froall cry Aallizat ions of true Cjpimphor. 
The oil remaining in the cucurbit was of an amber colour, and 
very much thickened. ^ 

Aftionof fnu- Xo fatisfy ourfelves whether the other volatile oils would 
SI^oThw camphor by the a^ion of the muriatic gas, we incor- 

cik oils. porated them whh it in different proportions ; but did not ob- 

tain any precipitation. They became very black, and con- 
tained a great quantity of heavy oil. Sec, 

CONCtVSlON. 

Grneral refalts. jft. Thai the produflion of camphor, announced by M. 

Kind, is unilorm in tlie proportions he indicates, and ot v\hat- 
ever foil the oil of turpentine may be. 

2nd. That the camplioric product may be eAimated at about 
half the quantity of the oil employed. 

Srd. That a greater quantity of the gas does not add to the 
prodttfi, nor does it deftroy it. 

4th. That this camphoiv may be purified by wa(er» by alka- 
line folotions, charcoal afhes, quick-lime and alumine : and, 
that thefe three iaft fubHances are more erpecially’ prefer- 
able. 

6(h. That it differs from what is exti^^edfrom the camphor- 
laurel^ 10 its lade, which is not fo bitter,* and in, its odour, 
which is lefs penetrating; and, that it.prefeots an 

in, it» mode of a6iion with, the nitr^o.qnd fcqtic 
acid;ii the ArA of which only diffolvcs it by a reciprocal de- 
compofition. 

6ih, 
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9tlk. iiiltw|tlift«ndtng theb ^tfocncei^ U b ii6t Ao 
lef« A hMHilifcil new fpeotei of Ihii iiimiediate prinoiple of 
vegetables to chemifts ; and, that it is to be wiflied that phy* 
ticians would try it, to afcertain whether, as there is realbti 
to believe; its action will be tho fame on the animal eco* 
nomy. 

7 th. Thatto during the operation from which this camphor 
refolts, there is formed a true combination of moriatiO acid 
and volatile oil, having a refemblance to what the armients 
called aci4 foaps. 

8th. That liquid muriatic acid, and dilute fulphoric acid, 
not mixing with oil of turpentincy their adtion is confined to 
their point of contafi. 

9th, That the mode of a6lton of Ae muriatic gas, in this 
circumfiance, may be explained by the elegant theory which 
MM. Fourcroy and Vauquelin have given of the aAioa of 
fulphuric acid on vegetable^ fubfiances in general. 

10th. That, notwithfranding camphor is fet free by the 
flow diftillation of oil of turpentine, without addition, we are 
led to believe that fp large a quantity of this matter could 
not exift ready formed in it, and that at lead a part is the 
refttlt of the re-adion of the principles of the oil, excited by 
the prefence of the acid gas, and its affinity for water. 

i Ith. Finally, that the fame procefs is not applicable to (he 
extradion of the camphor contained in the volatile oils of 
lavender and rofemafy* 


XVI. 


Wtterfrom Joseph Hoddart, Efq. F, R. S, on the appareni 
Enlargefunt of the Moon at hw Altitudes. 

To Mr. NICHOLSON. 

Dear Sir, 

(t was not until 5 fefterday that I received your Joamals, latrodvaioa* 
Nos 56 and 57 ; In the former, reading a letter frm C. L. 
occafioned my referring to No. 36, page 164, of the Jopmal, 

Mr, Walliiv'c refpeding the fenfiUe magnttade of 

the 
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the horieobtal moon nbove ithat it has tn the IMhiOi ; tthd 
therefore prefent you with the idea I have entertained Upon 
the fubjeCi. 

wafincd" ^ opinion that the magnitude of any objeft can only 

mtbefizeorthel’^ (es to fenfe) according to the fpace or magnitude 

im^e on the of its image upon the retina* The eye muft (if this is id* 

rctuku mitted), therefore* be the foie caufe of the Hiuiion* for the 

moon's apparent magnitude incieafes as (he rifes towards the 
zenith. 

The eye ii form- The eye by the power of the mufcles can, at the will of the 

directed towards the obje£!, in order to 
hut ftlio Its focal receive its image upon the ufua) part of the retina, but acquire 
$!^"ion of ® P*‘opcr convexity for diflind vifion, or focus of the reiradted 
the eye will en- rays Upon the retina; and alfo to contrail or extend the area 
Iwge the image, papil according to the quantity of light. This admi- 

though the an- , , * l ° i l ' ” • /r a r 

gular magnitude pro|)erty may be obferved by every one in pafling out of 

tcmalns uiul- a light room in the night, and alf^ in the eyes of the brute 

creation; but I conceive, that while the area of the pupil is 

enlarged in order to recei% e a greater quantity ot light, the 

eye is protruded, or the focal diftance between the pupil and 

retina is iiicreafcd, winch incrcafes the fenhble magnitude ot 

the object, as the image upon the retina conveys it to our 

fi*n(cs, when viewed by (ho naked eye. This I diftinguith 

from apparent magnitude, which we ufe when actually inea* 

lured by an infiiuiBcivt. 

V-rioion of the The variation in tlie magmlude of the image upon the 
pupil, or^oMhe fctii.a, ceitaini) (annot anfe from the lariations in tlie dimen- 
fensj'^caniiot pupil, which is contrar} to the law of dioptrics; 

altu the inwge. for, on oblerving the tun, 1 do not admit light through 
onc-lwentieth pait uf the area of the objefl glafs, which is 
.^8 inches in diameter, and there is not any difference in 
4he apparent diameter ;«or, whether the rays are admitted at 
V the center or any other part of tlie objeft-glafs the obferva- 

Thr elongation equaltv goBd. But 1 confider it as a natural conle- 

ofthceycisfup-qtiencc, that when ihef pupil of the eye is enlarged, the focal 
whenever i'* increaled, and which conftantly aiifes from a dimi- 

the pupil Is en- nutUHi of Ught, even without our attention ; but thereby our 
***■«'** 5 fight IS effided in confequence with more light aod power, 

winch ii fiime compeniiition. 

and 'as this takes > from A cele&tal obj«£l neuf the heruson, isdimU 

plsee when (be ni^ed by palfiiig a long diflance through a grofs atmofphere ; 
moon IS Icaft lu- ^ ^ 
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hence » feufible enUij^ment* takes place in the momi as well 
as other bodies, which diminiflies as the aliiludc incrcafei, *‘*^^*^’* “*^ 
and the light interrupted. 

I am, Sir, 

Your moll obedient. 


Highbury Terrace, Jan, 28, 160 j . 


J. HUDDART. 
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A Memoir on Milk and the La6lic Acid* Uy Cit, Bouiljlok 
Lagrange *. 

SECTION 1. 

The prejbnt State of our Knowledge rejpe&ing tlte La^c Acid* 

CHEELE and Deyetix, and Parmentier, are the chemifls HlftoryoftaBt* 
who have mod contributed to our knowledge of the acid of inTthe* uSST 
milk. 4>f difeoveriu^ 

The experiments made before the lime of thefe (kilful phi- 
lofupliers, are thofe oF HufFman, Boerhaave, Homberg, GeolT^ 
roy, Rouelle the voungcr, and Baumd. But the anal;^(ls of 
animal matters was then in fuch an imperfed Rate, that little 
can be gathered from their experiments. 

Scheele direded his labours with very different views. His Schcelt. 
wellconduded experiments led him to determine thecharaders 
and properties of an acid aftbrded by theferum of milk But 
not witliflanding the labours of this celebrated man, we have 
fom6 fubjeds of inquiry left for examination. 

Betides the great number of its faltne compounds, as Four- InperfedfUta 
croy remarks, w hich are ftill w|||||^i|ig to the feience, I*** 

• Annales da Clirmie, Noj 150. vol. 50. lactic »cid« 

Tht; author in a note mentions his having learned on the even- 
ing when liis, Memoir was lead, that Medrs. Vaoquelin and The- 
nard had each been fcparatcly employed on the fame fubjed : and 
on that occafion he then finds its necefTary to fay, that molt of the 
experiments he deferibes, are the rcfult of ohfervations made by 
feveral pharmacians, at the fitting of the fociety of pbarm^, the 
i 5 NivOfe; fn the year 12. The verbal pfo^fs of that dayi flgned 
by Parmentier, prefident, and Dehmel, ^eretwy, of whi^ an 
trad .eras fhot^taHthe PhdomathlO Society, afeertains ttie'ex]^rlniatita 
he had^ten«miule, and.che ofaiSKvatipRf of of the Ib^^rai mambeio 
^f tha fociety of Pharmacy. 
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f)f>t pointed out (he a Abo of Are nptm fiih eofd# Aor lU ffioA- 
taneous alteration in (he air, the mamier in vahidt (( O 0 m|ior(« 
ilfelf with the nitric acid, &c* It is not known whether it 
be totally dccompofed by this la ft, or converted into feme 
other acid, particularly the oxaiic acid. We are entirely an* 
acquainted with the nature of its compoftlffih. Though it 
piefenls properties which refemble Ihofe of the ucetous acid^ 
and lead to the probability that it nearly refembles it ; we 
cannot yet rank it with the vegetable acids. On the other 
hand, nothing dcciftve can be atferted with lefpeA to its ani- 
mal naturef becaufe no expcrinient has yet indicated the pre* 
fence of azote, and it is yet unknown, whether it may a^ord 
ammonia in its decompofition ; whether it be putrefcible, or 
convertible into prufttc acid, 

This general ftateinent while it gives us a view of our 
knowledge of the ladtic acid traces, as it were, the fteps ne- 
cefTary to be purfued in determining the place which this acid 
ought Co occupy, as to the number 6f well eftabliftied chemical 

SECTION 11. 


properties on any other accouoL tl 
fululion, as ail the analyfes fufPbfi 


Concerning Milk and the cafeoue Matter. 

On milk, and its Before 1 proceed to deferibe the experiments I have made 
conitiiuent jI,j, artido, it will be ufeful to prefent foiiie reftedions 

on milk, and its conftituent parts. 

Guiton, in tlie Encyclopddie Methodique, offers two quef- 
tlons refpeAing the cxiftence of an acid in milk. He ex- 
preftes himfelf tims : 

Whether whey whey cxift in milk fuch as it is found after the fe- 

cxiftt r^y ^ paratbn of the other conftituent parts ? Does it manlfeft acid 

than becaufe it holds falls in 
fe ? 

If whey, adds the fafne chemift, exifted in milk, in the ftatc 
it exhibits after the reparation of the butter and cheeflt, we 
ihould be able to reproduce milk by mixing thefe three prin- 
ciples again in the fame proportions. Bat as this is not the 
dife, be concludes, that whey is the produA of a true fermen- 
tation. • 

The examination of this firft qoeftion founded ,on experi* 
ment, ought, 1 thihk» to prove that it will not be foSoient 
to fbew wbttber whey exifis in milk, that we Aioiild mix the 
three prindptes iti the fame profNMtkms, and fe»pro4eee that 
fluid ; firftf becaufe thefe principles are no kmger the fiwae ; 

and 


iMwed ia mifle. 


MUk cannot be 
feproduced by 
l]te|Disture of 
itt parts. 
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■Ml (ikonilf^fMeMif* Wikejr formed by the itfini' >• 

nwr* or fell ecM. 

Exptrment t. Recent milk giwe* • red coloer to the paper f 

•nd the tincture ot turniote. 

tipenmeHt B. If milk be diftiUed in clofe veflels, and the **^ ***^y 
prodtt^ teparmlfily taken, the ht§t u nut acid ; the iocond tillfttioa, ana 
reddens turidole, and llighll) piecipitales the nitrate ot (ilver ; continueif aaid* 
and the third has no a^ion on the tincture. At thii period, 
the milk i% not yet dccompoled, but (till redden* tarnlole, Jt 
appears that I he remaining acid is nu longer lOlatile, but la 
retained either by the animal matter, or by (ome other tub- 
ilance. 

Experiment 3. If milk be coagulated with a mineral or 
gt table acid, the whey is (eparatedp wtthuut retaining a P®'**°au5*b)r S?{ai* 
tide of the acid made ufe of. tpums none or 

I mad however obferve, that fome deception would fol- ‘^‘*'*** 
low, if thd terum only were examined, whicb is obtained by 0 

the (iilphurfb acid, or by idiom, becaule the precipitate atiorded 
by barytes, is not entiiely rc-ddlolved by the mine acid. I 
am (atished that this anle* only horn a (mail quaiuity of Ail- 
phurale of potafh contained in the ferum, as is evidently 
proved, when the whey is Icparated by any other (obdance 
not of an acid nature. ^ 

It IS not true therefore as many chcinids have advanced, that Exd a Whey 
the acid feparates the cafeous matter, by uniting w ith the leruni, ^^,ouOyVe^-**”* 
Expetiment ♦. If milk be expofed to the air at the tempe- compofed, ibalia 
niture between 12 and 20 degrees (about 66® Fahrenheit) Jhc 
reparation takes place in twenty- four hours. The curd has 
a more acid flavour than that of experiment 3. Hot water 
caufes it to lofe its four tafle, and acquires the property of 


reddening turnfole. • 

We here And nearly the fame properties in the cbeefy mat- 
ter, when fponUneoufly formed, and when fepnratcd by acids* 

Experiments. Tire fame experiment being made with the 5 
pneuimticipparatas wa^ •ttended with no “•>foT>l>on 
or difeajgageinent of eiadic fluid. The only didbrenc^e was, neitkei tbioitg 
that thefoparation of thecheefy n^ter did not take place fot 
fovcral days. Part floated on the liquid, and the oth«r occu. 
pied rite bottom of the veflel. 

E^trimm 6. A botrie wu filled with frefli millc. and trell Zxp. 6. M>ifc 
corkad. Some dayi aRerwarda, the cbeefy matter bad fepe- 
rated. AtfeMi4u the feparatimi teat onaptete, Iheeork wa« hatde, g««ia«^ 
ntended to be atraaed, it flew oot with viofenee tnd^*** 

. noifis. 





of oii<* UpM» 

flifiking (bo bottle^ a greater quantity gas #lt cINli^giq^eicI^ - 
which being coUoited and examined, had the fame cfaaaaaera 
a* carbonic acid* 

^ The fluid as well as the curd had a (harp acid fade, which 
became leb piingeut, as the carbonic acid was difengaged by 
agitation. 

The fluid, after having been heated, did not appear to be 
more acft than ferumi obtained by expofing milk for the fame 
time to the air. 

The fame experiment was made with milk which had been 
boiled about half an hour, and the refults were the fame. 

Experiment 7. The cbeefy matters of the third, fourth, and 
fifth experiments, differ effentially in lade and confidence. 

That of No. 3. is dry and firm ; that of No. 4* is more 
divided, lefs dry, and partly foluble in water ; and laflly, that 
obtained in the experiments No. 3 and 6. is not dotted, but 
is more liglit, and does not unite int6 a mafs, till ifter feveral 
hours. 

The cheefy matter, therefore, requires particular proper- 
lim, according to the fubdances and the proeeflfes employed 
to feparale the ferum. 

Tbefe fird experiments lead us to the following reflections, 
that, !• Milk does not require to be dccompofcd, in order to 
manifeft tiie prefence of an acid. 2. That this acid is mixed 
wi4h falts, fugar, and animal matter. 3. That the acid in 
mUk is difengaged, though it is not very perceptible, but by 
re-agents. 4. That the contact of the air is not necefiary fqr 
feparating the confiituent parts of milk. 5. That the coagu- 
lating fubflunces merely facilitate the feparaiion of the chetfe, 
eitherdsy forming a nevir compound, or by more immediately 
coodenfiag the particles together, when the chpefy matter re- 
new properties: or laflly, by expofing the milk to the 
rfir» By degreesi, a part of the fugar of milk is donopipofed ; 
carbonic acid i$ forro^, of which one part is difeqgaged, and 
faoltitates Um .fopasidjan of the curd t caloric alfo 
foyotwf the ottfiifiions ^ |i| | aili ting matters for tbO curd. 
tb9aHM4Mb»ntly, ^ii^ohol, whicb'BUb poffflllbs ibit 
pnfmij, MR>r4t refalts ; tli. jwd beii^ to A obrtiHn 
Weoimm 

to dte of (Mis aMna. in 

JftStMrjPWiv nttradina W tiw %ii(l ten i« 

<tei^ Blatter 

(To h e o iufmXl j 
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AIJTICLE I. 

llifiorical and Critical Obfenalions relating chiefly to the In- 
venlim of the Telefcope. In a Letter from £. O. 


To Mr. NICHOLSON. 


SIR, 


Although i was aware that the experiment on the in* IncompKlfitfUtjr 

compreiTibility of water was to be found in Lord Eacon^s 

work, yet 1 was happy to fee that Sir H. Englefield had taken 

the trouble of reminding your rezders of the original inventor 

of it. 1 am always glad when 1 ^i'ee any thing which may re* 

call our attention to the works dP our illuftrious countryman. 

They abound with inftrufUon, a^, in many inAances, his con- 
jectures may be compared to the Queries of Sir 1. Newton^ 
which contain the foundations of the greateA difcoveriei. 

In the lame paper Sir H. Englefield has given us a very cu* Remarks on tim 
lious palTage (Vom Kepler; and although I cannot perfuade 
myfelf that he is accurate in his interprelatiop of it ; y^t 1 Engle6eUl ane 
think the argument has been by no means accurately ,Aated * 

by Aletes*. 1 Aiall therefore beg your permiffioo to iofert 
feme additional remarks on a fubje^, * which certainly 
a confiderable lliare of inlereA. 1 muA beg leaver kkexrife. 


• Vol. X. p, 52. 

VoL. X.-March, 1805. L 


pre- 



m 

OMiimd^i 

Imwitlon «f 
'MMtofc. 


% 


OK TUB TBtSseOPB. 

- ‘ ^ 
previoufly to remark that Sir H. Englefield has not aflerted 

that Kepler was the original inventor of the telefcope. The 

only inference which can be juHly drawn from his words, is 

that they were invented as early as the year K)07. No one,» 

indeed^ who had attentive!) read Kepler’s dedication of his^ 

DioptricCf could have entertained fuch an opinion. He pre* 

cifely dates* that iince ** ad magnum cumulutn invcntionum 

hiljus uUimi fseculi acceihflet Arundo Dioplrica, nequaquana 

inter vulgarcs com memoranda machinationes, circaque eamt 

alii de palma primm invenlionis cerlarent, ahi dc pcrfedione 

in ftru menu fife jadlarent, .... Galilacus vero fuper ufu pa- 

tcfadto in perquirendts arcanis AHronomicis fpeciociflimuro tri- 

umphum ageret; .... Ego duflubhoncHa quadam aemulati- 

one novum mathematicis campum aperui caufarum 

lege geomelrica demonflrandarum quibus . . . effeflus inni- 

tercntur.” 

Before the invention of telercopc?, agronomical obferva- 
tions were fometimes made with tulres but more generally 
with rods (rc^ulm) which had lights fixed at each end. Thele 
indruments were generally called Dioptra, and the apertures 
in the fights were called foramina dioptrormn, not perfpicilla. 
Ptolemy in his Aimegifl t delcribes the indrnment, which is 
general)) known by the name of his Triquetrum. It bad fights 
at each end, with apcrtuics in them, which Georgius Trape- 
zuntius, the tranllator, calls foramina : he mentions, indeed, 
no particular name for this part of the indniment, but Theon 
in hiscommentaiy T dcttiib^s the condru6lion of ittobefuohy 
that the whole moon would appear through the fights Ei»'rn 
Siorlnot, Proclus Diadochus, in his Hypotypofis Aftromica- 
rum Pofilionum,** mentions the Dioptraof Hipparchusi which 
was an indrument of the lame kind : fee Riccioli Almegtfium 
Novum, vol. I. B. 3. C. 10, § 4. But we can have no fur- 
ther doubt upon the fubjedl, if we turn to Fiamftead’s Hidoria 
Caeledis, vol. 111. p. 97. He there fays that *'haud pauci 

*Pp. 63| 54. J«ond. f Bo^k 5, chap. 12* 

t P. 258 9 fiafil, 1538. Notwithdauding what Harduinus fays, 

1 have* no doubt, but that the Dioptra mentioned by Pliny in his 
Natijiral tliftory, B. 2 C. 69. was an inftrument qf this kind) but 
ftbMdfeription of it is given, and therefore 1 cannot argue upon it 
in this Iphice. 

♦♦ P. 399. Bafil, 1541. 


obfervationitm 
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^famtionttilE Tychonltarum errores e% nadorum Dioptiforiioi OMIuiMiipiiiAiiwtv 

aftt neccflTarie confequuniur.’^ Now it is only neceflary to 

amine the Afjfonomiae Inftauratse Mecbanica, and we (hall/eetelefcopc* 

that almoft all the inftruments, which Tycho Brahe ufed» are 

fitted with fights, which were fome perforated with fmall 

holes^ and fome divided by narrow flits ; this part of the in* 

ilrument he called dioptra, the perforations he called/orawsac* 

and the (iiisrmula. 

1 could quote further proof that thefeVords were commonly 
ufed in the fenfes which 1 have affixed to them, but it would 
be not only unneccfTary but tedious. It mud, therefore, re>- 
main with Aletes to produce as good authorities for the al* 
lodged difference between perfpiciUum and perjpicillum vUreum* 

1 cannot help thinking, however, that the very title-page of 
Kepler’s Dioptrice will be fatal to his explanation; for there 
we find that mention is made of the difeoveries of Galilmo, 
made ** ope petJpiciUi** ei\eT the publication of the Sideriua 
Nuntius. Here the word perjpicillum is undoubtedly ufed for 
the telefcope itfelf, and before 1 conclude what I have to fay, 

I (hall quote a paflage from Galilaso, which is dill more con- 
tradidlory to the ideas of Aletes. 

Although 1 differ from your correfpondent with refpefi to 
the arguments, which he has dated to you, dill 1 agree with 
him in his general conclufion, that Kepler did not mean a te- 
lefcope by the word perjpicilla^ We learn, indeed, from 
Borelli’s book de vero iuvcrilore teiefcopii, that ^ one account 
makes the invention as early as the year 1590; but when we 
compare this with the depolilion of ^ra Gmdarda f and what 
h dated by Galilseo in (p. 10 of) his Sidereus Nuntius, itfeems 
mod probable that telcfcopes werc#ot known before the year 
1609. If Zachary jaufens was acquainted with them before 
that period, he Teems not to have i^ublifiied his difeovery to 
the world. Now Kepler, in the place above quoted from the 
dedication of his Dioptrice, takes an opportunity of praifing 
the invention in the highed terms, and as he did this, when it 
was public, it is probable that he would have done^ fo dill 
m<ire warmly, if l;e had been the iird who publifhed an ao* 
count of obier rations made with them; but there ir. nomqg 
of this kind in the paflage alluded to in his book de cometis. 

•P.25, tp*31. This makes the invention about 16U or 

1613, but de certo praefixo tempore nonpotuit dicerc,*' 

' L 2 He 
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He was loolcing at the ilars with a friend on the bridge at 
^Prague, and they obferved' one in particular, Vidi”* he 
fays, Aellatn Tub urfa^ majorem cseteris per perfpicilla inttt^ 
itus, quae aequale cseteris hxis lumen mihi fine perfpicillis 
diflfundere videbatur.” It is not likely that the perfon, who 
mentioned the firfl ufe of fuch an inllrumenl as a telefeopC, 
would confine himfelf to fo dry an account of the efTedts pro^ 
duced by it. But there is another argument, which may be 
drawn from the book iffclf, and that is, when Kepler is giving 
an account f of his obferving a comet in the year 1()18, he 
iifes the word telefcopium and not pertpicillum. ** 6 Sept, 
jam nulla amplius cunda vifu nudo potuit obfervari cl telefco- 
|>io infpeclus fatis magnus appaniit/' Sept. 23. Planitudo 
major fine telefcopio, quam per illud.^' J 

But what puts it beyond doubt that Kepler was not in pof- 
fefiion of a telefcope fo early as the year 1 607, is that we hear 
of no great difeoveries which he madq. about that time by ob- 
ferving the heavens. Monficur de Moutucla, indeed, fays § 
that ** Uniquemeiu appliqu^ a determiner a\^ec precifion les 
luouvcmenA' celeftes, cet homtnis celebre faifoit peu d'ufage du 
telefcope.’* He probably thought iiimfelf juflified in this, 
when others were employed in the more meclianical labour of 
obfervalion. When he had no fuch fellow-labourers, it is im* 
poflihle that a man like Kepler could have neg(e6led an opp<kr- 
tunitv of obferving, or have concealed the means of doing fo; 
and if he had not done both, we inufl have had forne notices 
remaining either in his own writings or thofe of other*;... — 
We mud recolledl likewjy[e, that he was the fird who under- 
dood the theory of lelefcopcs and the combination of len fes, 
and we mud not forget, that thcfcdifcoveiies being once made, 
the greateft difficulty was oveicome ; it was only necefiary to 
ufe the telefcope and m'lirk the objects which it prelcnted to 
the fight. 

From what I have dated there feenis to be confulerable dif- 
ficulties attending either of the ways, which have been pro- 
pofed ,for interpreting the word perfpicilla. But there are 
fome paffages in the Sidoreus Nuntiiis, which feem to affid us 
in affixing a meaning to the word, lefs exceptionable than the 
one hazarded by Aletes. 

* Sept. 1607. t P- *8* J P- 5*. 

S?6 

^ Iliftorie des Mathematiques, vol* IL p. 234, 

In 
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Inp. I u Galilwco fays tubum primo plurobeum 
ravi» in cujusexirciTiitates vitrea duoperfpicilla. • • Bptavi/*[^^^^n 
Again in p. 12. he fays '' dura nulla in tubo adefTent perfpi- tekft^* 
cilia/’ the rays pafs in one dire6tlon, but ** appofitis perfpi- • 
cillis,” they will pafs in another. Hence it appears that Ga- 
Jilaeo makes no diiference between perjpicilla and vitrea per- 
fpicilla, but ufes both indifcrirainately for the glalfes of his Ic- 
lelcopes. 1 am inclined indeed to believe that the original 
meaning of perfpicillum was like that of conjpicilium a mere 
lens ; that when lenfes were combined in lelefcopes it was 
ufed both for the glafs and the inllruraent, until the word tele- 
fcopium became common. I am not, however, prepared to 
bring forwTird lufficient aiUhorilies for this account of the word, 
and I liavc not leifure at prefent to fearchfor them. It is fuf- 
ficient for my purpofc that ^ e aie juttified in uiiderftanding the 
word as meaning a mere lens; for if wc coniider it as fuch in 
the patFage undt*r confideration all the difbculty vanithes.— — 

Kepler complains in th^vciy book dccomclis* of the weak- 
nefs of his hght ; he might, therefore, have probably uied a 
fimple ions to aflift it. Monlieiir Dulens f has clearly proved 
that the convex lens was known to the ancients, and at the 
fame time! that Borelli calls Zachary Janfens, confpicilio* 
rum artifex peritiiriinus,” he fpeaks of his concave as well as 
convex glalfes. 

There is one circumflance attending the obfervation itfelf, 
which teems to give fome lupport to my interpretation, which 
is, liiul it was not made at a time when Kepler was carefully 
examining tiie heavens for any new phenomena; but in a walk 
which he accidentally took with his friend. Now he may eatily 
be I'uppofed to have carried about with him a fimple lens to 
corred an) fault of his eyes, but it is fcarcely probable that he 
would have had witii him a telcfcopp, made, pofTibly like Ga- 
lilaeo’s, of a long leaden pipe. I fcarcely need add, that 
whatever clears and firengthens the fight will diminifh the ap- 
parent diameter of a fixed flar, and confequently increafe the 
relative magnitude and light of the comet. 


• P. 30. Inftniraenta Tychonica, &c. &c. et oculos vegetos re- 
quirunt, quae omnia mihi defuerunt, 1607, and in p. 48. Debili 
Aim vifti, 1618. 

t Decouveitet des ancient. Partie 3, chap. 10. §. 271. X 

I am 
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, . ^ I am confcious^ Sir^ that what 1 now fend you» is put to* 
‘^jjj^gcther in a very hafty maoiier. Were roy time at my 
dirpofalf I would endeavour to make it more fit to meet the 
public eye; but 1 am induced to fend you thefe hints in their 
prefent ilate, becaufe I rely as much upon the candour as on 
the learning and abilities of Sir H. Englelield« If I am mif- 
taken, he will fet me right; and if 1 have any foundation for 
my opinion, he can ca(ily illudrate my hypolhefis by the paf- 
fages which agree with it, in the old writers on optics and 
aiironomy. I am. Sir, 

Your obliged humble fervant, 

E. a 

Ojford, Feb, 10, 1805. 

P. S, Since I finiftied the letter, which I fent to you on the 
10th inft. I have met with a patTage, which appears to me to 
decide the quedion on which 1 wrote to you. It is in Kepler\< 
book, which he publilhed at Francfort*in 1601-, under the title 
of Aftronomim pars optica. The beginning of it is entitled 
Paralipomena in Vitellionem. He difeuifes the nature of the 
eye, and at p. 178. he begins a fet of proportions on the man- 
ner in which it adls as the organ of vifion. The 28tb of thefe 
proportions is that which makes mod immediately for m^ pre- 
fent purpofe; it is alp. 200, and he enumerates it in the fol- 
lowing words. 

** Qui remota didin^^ videnf, propinqua confufe; iis per- 
fpicilla convexa profunt. Qui vero confufe vident remota, 
juvanlur concavis peffpicHlis.” 

The mere quotation of thefe words is fndicient for the proof 
of what 1 have aderted ; but as it may afford fome amufement 
to your readers, 1 will add his remarks upon them as (hortly 
as poffible. — ** Quanta admiral io” he fays, rei tantae tarn 
late propogaturq ufum : & tamen caufum ignorari ha^enus.’’ 
J. B. Porta, he adds, profefTcs to give Ine reafon in his op- 
tics: but this book he was never able to meet with. Kepler 
then very ably refutes the opinion of tliofe, woo fuppofe titn 
efie£t fo be produced by the increafing or dimiindiing of the 
apparent magnitude of the objedt. He o^ers with condder- 
able diffidence his own method of accounting for the ph^o- 
siefioii. Be fuppofes that in the cafes m^iUipne^ in tbe pro- 
pofition the vifion is iroperfed, in as much as without the an* 

tervention 
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torvention of convex or concave lenfes, the apices of the dif- 
ibrent cones of rays would tall either before or behind the 
retina. He fupports his thciory by experiments which he tried 
on (hort and long-iighted pcrfons ; and quotes the pafTage from 
Ariftotle, in which he points out the ditferencc between the 
myops and the prelbyles. 

Feh. 12. 


II. 

ConfiruBion of a Line in a Circle, nearly equal to the Side of a 
Square of the fame Superficies as that of the Circle itfelf, With 
Bemarks on Fendulunis and other ObjeBi* By Mr. J. W h i t l e y 
Boswell. 


To Mr. NICHOLSON. 

SIR, . FBj.9,1S05. 

HaVIINJO often found a difficulty in computing the preflTure Introduction, 
of ffuiils in ful)es and cylindrical vcffels, from all the calcula- 
tions relative to the gravities of different bodies, which I was 
acquainted with, being adapted for cubic ineafure, it appeared 
a very delirable matter to find an eafy method of converting 
round into fquare mcafiire, which induced me at different 
limes to attempt it, and as often to lay itaiide, from not being 
able to arrive at any fatisfadory refult. But lately having had 
occaiion to refume this fubjedt, I have difeovered a method of 
coming fo very near the truth, that if it fliould turn out to be 
in reality not fo exa£l as it feems to me, it will ferve fo well 
for common computations, and promiies on that account to be 
of Tueh utility, that 1 am induced to fend it to you for publi- 
cation, if you approve of it. 4 

As this fubje6l has been by many hK>ked on as fomewhal To convert 
chimerical, it may be tlierefore not arnifs to mention, for ihofef^^^”^ mcafure 
of your readers who are not very converfant in geometrical ^ 
Rudies, that a mechanical method of computing Iquare mea- 
fure from round is a very ancient and well-known ptbblem ; 
but this method being diflicult to apply to the iniidc of iabes, 
and not capable of being ufed in diagrams or drawings, has 
made another method delirable ; mine tor thu» pmrpofe is as 
follows : — • , 

To 
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To find a rfght Lino, tie Square of which JhaU he equal ta rn 
given Circle^ 


Pfobloik Draw (wo diameters (I F and C T) bifedinj; eacft other ft 

angles in the center (O) of the given circle ; bifeft one 
Adf of a fquare oF the radii fo formed (O T) in W, and from the extrjemity (1) 
oqual to a circle, of the next adjoining radius, through W draw the right line 
(I B) to the circumference ; This line (I B) is the line re^ 
quired. 


Proof, 

Fiaof bj triir# a fquare be formed equal to (he given circle by the third 

eoroL prop, fifth, of Archimedes ; then take a fquare formed 
by the line I B, and place it on this other fquare, fo that one 
angle and the (Ide adjacent to it of one, ihall fall on one angle 
and the fide adjacent to that angle of the other ; then will it 
be feen that all the other angles and fides of each will coin- 
cide, and the whole of one be equal to the wj^ole of the 
other, ^ 

This kind of proof is nearly the fame as that of the fourth 
prop* firft book of Euclid, on which fo many other propofi- 
lions depend ; and having often tried this method in the above 
manner, 1 could never perceive any difference between the 
two fquares : In (hofe trials I ufed circles of card paper for the 
more exad meafuremant of the circumference in the mechani- 
cal procefs directed in the method of Archimedes.* 

To the above I have to add the farther proof which follows 
of the exa^lnefs of my method, which may make it appear dill 
more certain. * ,, 

Sometime after I difcovered the above, looking into a work 
of the learned Kircher fqr a ready method of defcribing a pg- 

* In order to fhewhow near Mr. B.'s conftruflion approaches jto 
the truth, we may obferve, that when the diameter is = 1, the 
area is := 0.7854, and the fide of the' equal fquare = 0.8863* 
But in the figure, I W is found by adding the fquare of the radius 
to that of the half radius, and extracting the fqiiare root ; and then 
by the property of fimilar triangles, as the radius is to I W, fo is 
the diameter to I B, which will be 0.8944 when the diomctlMr $a 
ss 1* Bfit this line exceeds 0.8863, or the true fidbof the Squme, 
by 0*0083, or nearly one hujidredth part. 

4 rabeb 
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riboift which I knew was inferfed in it, I perceived th^ein 
iKb a geometrical method of finding a right line equal to any 
given portion of the circumference of a circle; and having 
by this method drawn a right line equal to the fourth of the 
circumference of a circle, and with it and the diameter formed 
a parallelogram equal to (he circle, and then a fquare equal 
to this parallelogram, in the ufual manner : I afterwards formed 
another fquare equal to the fame circle, according to my me- 
thod before deferibed, and found no perceivable difference be- 
tween it and the former fquare. 

The dlfcovery of a fa£l in geometry often leads to another; 
one orthis kind I have to add here, which is, that a right line 
(B E) drawn from the extremity B of the line I B, at right 
angles through the oppofite diameter (I F) to the circum- 
ference, will be equal to a fourth of the circumference. 

The problem of Kircher above mentioned, may be found in 
the An nta^na Lucis et Umbra: , prop. 3, lib. 3. pars 2, page 
239, and the two following pages. 

As the cigcles which I ufed were under three inches diame- 
ter, it is poffible on fo fmall a fcale a minute error might not 
be vifible; but even in this cafe ii rouff be very inconiiderablc. 


I take the opportunity of forwarding the above to fend an Pioperties of 
explanation in reply to the annotations on my paper on pen- P®"**“*“®*> ^ 
dulums, which 1 hope you will do me the favour to inl'ert, as 
yob have in fome degree called on me for it. 

1 beg leave to obferve, (hat in that paper I have endea- 
voured to put a marked diffinflion (though perhaps not fuffi- 
cienlly forcible) between tlie obfervalions which admitted of 
proof, and fpecolations on new fubje^ls : The latter may be 
confidered to commence with Huygens^ pendulum ; and the 
others on fimilar principles, along with this, were merely de- 
figned as objeds propo/ed/or experiment, not as tilings proved, 
and nothing is inferted about them but what w^as intended to 
be noted as conjedlqral by the mode of expreilion. 

I conffder it ufeful to propofe experiments (excluiive of my 
partiality to (his mode of' afeertaintng &6ls), becaufe among 
yottr nttnreftnis^feaders there might be fome who, with little 
Itoebte or expencci have opportuOitms to make trbils of this 

kind. 
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Properties of kind, from the nature of their employments furnidiing IbeAi 
pei^lutnsy &c* ^jj materials necetTary ready at hand, and who llitirt 
fudicient intereA in the fubjed to induce tJiem to undertake 
them. 

1 acknowledge that (as you obferve) I did not Aate all my 
reafons for thinking that Huygens* circular pendulum, and 
the others propofed on the fame principles, would notke fo 
liable to alter their notation of time, as tliofe in common ufe, 
from a change of temperature ; but this was caufed by the 
other fubjeefs contained in that paper having extended it to 
fuch a length as to oblige me to curtail this arxl other matters, 
and leave out part of whall had written relative to pyrometers 
alfo. My reafon for thinking well of Huygens* pendulum pro- 
ceeded partly from my refpedl for his opinion, founded on 
the high idea 1 have of his mathematical erudition ; and be- 
caufe it appeared to me, that the Aze of (he circle produced 
by the gyration of the ball, depending on the impulfe of (he 
moving power more than on the length of the fufpending 
Aring; that if the Aring lengthened a little, the^ircle would 
not be thereby increafed ; and even if it v^'as increafed, that 
the eATofl of (he paraboloidal lamina would prevent its altering 
the lime of each revolution of the ball (granting the theorem 
f>i' Huygens, which I inferled, to be true) ; for though I was 
aware that the parabola gent ralcd would, by the lengthening 
of the Aring, become of fomewhat lefs curvature, yet I thought 
this change would be fo minute as not feiifibly to aAe6l the 
time, efpccialiy ns a change apjiarently greater had not af- 
fe61ed it in a limilar efafe, which will he mentioned a little 
farther on, but of this I had doubts then, as appears from what 
* is remarked in page 77 , wheic 1 mcnlion that 1 thought the 
other conArudtions which I propoff tl rniglit be belter on ac- 
count of the Jh infr of %hat of Jluytrcris being liabh to lengthen. 

1 recommended the other pendulums, on timilar principles, 
for trial, becaufe though (he expanfion will increafe the di« 
mentions of the parabolical and cycloidal curves, yet Aill they 
will not ceafe to be thole curves, which Huygens has proved 
to have fuch remarkable properties for (he regulation of;.pen* 
dull! ms ; and as it has been found by experience, that a f>en- 
dulum vibrating in a fmall arc of a large circle, has (bo fame 
acH'uracy as when moving in a cycloid, 1 imagined that there 
could not at leaA be more diAerence between the efhA* of 

two 
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two cycloids Of parabolas k little differing in lize, than be- af 

tween the cycloid and large circle ; and befides, as the cy- *^®*“*‘***®*» ^ 

ctoidol i^heecks ufcd by fluygens (which he I'ound to fucceed 

I'o well) were liable to the lame alteration by expanfion, I 

lookc^d on his numerous experiments as conlirmalions of this 

opinion. 

lti||eply to (bo obfervatlon relative to the fuperior effedl of 
pendulums dclHched as niuch as poflible, 1 beg leave to ob- 
serve, (hat a movement interrupted or intermitting (fuch as 
more or lefs takes place in clocks with ofciliating pendulums), 
is fo very different from one which continues equally without 
any interruption (as that of the circular pendulum), that it 
does not feem to me conclulive to argue Irom the effeds of 
cue to thole ol the utiicr. 

In the note relative to the circular veffel enclofing the mer- 
curial tube, 1 am inclined to imagine you were not aware that 
this velfel was dirc‘dcd to be fattened to the ipindle fo as to 
revolve with it, by which* means there would be no lateral 
motion given to (lie air but by the fridlion of the oiillide of 
the cafe ; for which rcafon 1 mentioned that it (liould be made 
very fmooth externally : 1 alio direded it to be covered, to 
prevent thecfledl of the current of air, which would otherwife 
pafs through it, caufed by the centrifugal impulfe of the cir- 
cular motion* 

As to what 1 obferved about the fufpending fpring, I per- 
haps exprelfed rnyfelf too generally : I ftill think, however, 

1 could point out fcveral inflances of gridiron pendulums, 
where the compenfations were made of one bar .ngainft an- 
olher only, withemt allowing any compenfation for this fpring* 

1 think it necvlfary to 'mention among the emendations of 
my former paper, tljat the cycloidal bed of the rolling pen- 
dulum, propofed in it, fhould be foruued of the fame thick- 
nefs in every part, as it might expand unequally if made 
thicker in one part than another : As a trial of this fort of 
pendulum may be made with a common clock at a fmall ex- 
pence, I Iwpe it will induce fome one better fkilied in fuel] 
experiments than 1 am, to make it, even if the others (hftuid 
not be tried : and as a farther reafon for expectation of fuccefs 
in the trial, it thuuld be conlidered (in addition to what has 
beqn advanced in fupport of the opinion, that the effect of the 
cycloidal bed would be but little altered by its expantion), 

that. 
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JPnpcrtScf of thar, on account of the Chorindk of (btl bed, it coald Qflii ppC- 
paedttlmnfi Sec, expand as much in length at the 39 inches of wire ee®- 
tained in a common pendulum-rod ; and that, as the gieateft 
expanllon of the wire is certainly 4 n the diredlion tbesnoft in- 
jurious to the effed of the pendulum, which is not the cafe 
with that of the cycloidal bed, it is probable that the rolling 
pendulum would be found fuperior to that in common u^ 
With regard to the obfervations on pyrometers, I own 1 
never faw that of Deluc ; but as your defcription of it is not 
fufhciently minute to enable me to perceive how the fiandard 
in it for meafuring the different bars, could efcape expanfion 
in an increafe of temperature of the atmofphere, 1 flill can 
conceive no method by which the (landard for meafurement in 
any pyrometer, could be prevented from altering its length 
from the above caufe, but by keeping it artificially at a fixed 
temperature, by fome means diilind from the apparatus, fimi- 
lar to thofe of Mr. Ramfden, which you have mentioned. 
What 1 wrote on this fubjed was* intended as a caution in 
future experiments, and if it has produced the more extended 
publication of means to avoid the error I pointed out, or (hall 
hereafter do fo, my view will be fully anfwered. 

Your very humble fervant, 

- J. WHITLEY BOSWELL. 


III. 

Some Remarks upon the Experiments by which Mr, Ez. Walker 
has endeavoured to explain the apparent Enlargement of the 
Moon near^the Horizon : with a Statement of fome Fa&s upon 
which that Phenotnedbn feems chiefly to depends In a Letter 
from C. H. 


To Mr. NICHOLSON. 

^ .SIR, 

Mr. Walker's I SHOULD, with your permi(fion, be glad to point out io 
experiments ad- your correfpondent, Mr. Ezekiel Walker, a theorem m op* 
veeted to. wliich, it appears to me, that he has not paid fufficiaat 

• aUention in the courfe oS his iludies. 

Rays 
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RiQn fronn a difiant obje^ which pafs through a convex lenfi Optical theorem* 
near iU center^ will have their focus more didant from j^n * 

leifs, than thofe rays which pafs through it nearer to its cir-the larger the 
rumference; and, confeqaentlyy the image formed by 
central rays, will be as much larger than that formed by thefmaller. 
rays of the circumference, as the focal didance of the former 
(liall axceed that of the latter. With a given aperture, the 
focus Will be that point in which the greatefl number of rays 
coincide, for, therc^ will the ihiage appear moft dillindt ; and, 
confequenlly, as we enlarge the aperture of the lens, the 
central rays mull be combined with others more convergent, 
the new focus will approach the lens, and the image be, of 
courfe, proportionably diminlAied. 

The total difagreetnent of this theorem with the refult of This Is contrary 
Mr. W.^s experiments I can only account for by fuppofingj®^^^^''; 
this gentleman, while he enlarged the aperture of his lens, he was probably 
not to have paid attention to the increafing brightnefs of d!ffe«nccfc^i^^ 
image» which, by making*a Wronger impreifion on the retina, brightnet;.. 
would appear to increafe in magnitude with every enlargement 
of the aperture. If 1 might be allowed to offer my advice toProporai that he 
Mr. W. I fliould recommend hint to repeat his ^^P^^iments,*^*^ 
and fubflitute, for the flame of the candle, a fkreen having a rimeat. ^ 
circular opening covered with thin paper. This, with a light 
behind it, may reprefent the horizontal moon. Some cha* 
radlers (hould be marked upon it, ip order to determine, with 
more facility, when the image is mod diflind. The precau- 
tion of reducing the different images, as nearly as poffible, 
to the fame degree of brightnefs previous to meafurement, 
mud not be negledled. I am furpnzed indeed, that the 
drudture of the eye, which Mr. W. profedes to have kept in 
view in the courfe of Ihefe experiments, did not point out to 
him tlie importance of this circumdarice, which is fo admi- 
rably anfwered, in the natural organ, by (he contrafiion and 
expanfion of the pupil. 

As the phenomenon of the horizontal moon has of late Phenomencn of 
much engaged the attention of feveral of your correfpondents, m^n*ac«^onei.' 
[ will avail myfelf of the prefent opportunity to add a*few in part by the 
remarks on that fubjed. It appears, at fird view', that Ih® 
mod obvious method of accounting for the phenomenon, isby^chV aerial * 
the following: We believe the moon more didant from us 
when in the horizon than whan in the meridian; but we fee 

it# 
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in both cafes, under the fame apparent angle, and. Re- 
cording to our ufual habits of judging of (he magnitudes of 
objeds, neceffarily refer the idea of greater magnitude^ to the 
greater di (lance. The aerial peffpedive, and various other 
circumftances, which combine to make the horizontal didance 


but thefe have 
not the greateft 
ihare in pro- 
ducing it. 


New explana- 


appear the grealed, have been fo well and (o often defcribed, 
that it would be fuperfliions to repeat them here. I muft ob- 
ferve, however, that ihi'i ap|>earance of greater diftance in 
the horizontal moon, (iioiigh the hrfl and mod obvious cir- 
cumdance which prefents itfcif to explain the iliufion, is not, 
in my opinion, that which has the greated (hare in pro- 
ducing it. 

After having coniidered the fuhjed with much attention, 
1 am of opinion that the chief drels ought to be laid on the 
following particulars ; 

We may be laid rarely to fee the moon in the horizon. 
is*rarely*£«n^n' habitual acquaintance with it is at fome condclerable alti- 
thehorixon. tude. Hence it follows, that all the objects with which it 
comes in apparent contad, and with which we occalionally 
compare its dilk, arc near to us, and fubtend angles proper- 
Small objeds tionably large. Thus, for indance, we often fee the moon 
afconfidlrawr" ^ portion of her face behind the branch of a tree 
altitudes. or a wcather-cock, and totally difappear behind a chimney. 
The elevated The clouds, too, which dcct before her, appear, from their 
large^,* beca^ufc proximity to US, on a gigantic fcale. Thefe are the circum- 
ne;rfr; dances under which we have inlenlibly (orine<i our general 

and the moon moon’s magnitude. JL.ct us now furvey it in the 

caufe compared horizon. Tiic ca(e IS widely altered. We have now an op- 
with them^.^^^ portunity of comparing it with various large objeds, which 
the horizon, the J>erbaps, being ihemfelves on the verge ot a dillant horizon, 
clouds, build- vvill be reduced to very trifling dinienlions ; and thus the caflie 
and mafly cathedral vuall hide but a final 1 part of that globe, 
which we have commonly feen half eclipfed by a fpout or a 
weathercock. The clouds too, reduced by didance, appear 
on a much fmaller fcale when compared with the niooii. In 
diort, it is no longer the fame moon we w*ere acquainted with 
^^ilbn, be in fhe meridian, but a much larger and more majcdic fpherc, 
feen on a grand novel appearance of which drikes mod of its fpedators 
^ale* ^ ^ degree of awe and amazement. 

T^feare the Though it appears to me that the circurodance I have 
fumftanewr pointed out, of our habitual comparifon of the moon with 

objeds 


ingb, and other 
large objects, 
will appear 
fmall, and hide 
but little of the 
moon's dife i 
which will 
therefore, by 
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of known magnitudes^ has the great efl (liare In pro- 
ducing the iliiiiion by which it appears largefl in the horizon* 
1 would by no means be underilood to reject the principal 
circumdatu es, long fince noticed as contributing towards the 
fame eile^. Diifcrent circumHances will nccellarily have 
more or Id’s intluence with difieront perfons, according to 
the tenor of tlieir prcvioufly acquired habits and obi’crvations. 

I iemain» Sir, 

Your obedient feri'ant* 


Taviftovk Place, Feb, 1 j. 


C. H. 


ANNOTATION. W. N. 
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THIS very flriking and pcifpicuous explanation of the 
enlargement of the moon near the horizon* will bring to the 
reader's recollcdlion a great number of fads, wlrere the ab- 
folute magnitudes of objcd*^» nf wdiich the diHances arc im- 
perfedly known, are erroncoufly eflimated by comparifon 
with other objeds lying in llic lame diredion. Navigators 
muft have been often ftruck with the extreme minutenefs of 
the image of the fun or moon, when brought down by 
Hadley's quadrant fo as to be feen projeded upon the near 
objeds below the horizon. Since the perufal of this com- 
munication, I iiavi' icpeated the experiment on thofe lumi- 
naries. If the i'.n.igc of the moon be removed a certain num- 
ber of degices IroiiJ the clircd ray, it is cafy, by altering the 
portion oi the cjuadrant, to obferve that image in the horizon 
to the li^^l.i or Idl, or upon the pavement before us* or at a 
great elevation In the heavens. In thefe cafes its apparent 
magnitude, while the angular fizc and brighlncfs remain un- 
altered, is found to be filial! at the great cle^ ation, large in 
the horizon, and moft fo when projeded upoi. diftanl objeds, 
iiid it betomes a minute fpcck when feen depreflcd among 
the objeds clofe to the ohferver. The fame experi: 'eiit may 
he made with a pane of glais, but lefs objf tllonably, becaule 
It might be urged that the quantity of illumination is diflewnt 
according to the obliquity bf refledion* 


Experimrnt 
with Hadley’s 
quadrant* in 
which the fua 
and moon appear 
of different miq(- 
nitudes* accord- 
ing to the ob- 
. je^s on which 
their images are 
projeded. 


A Maihe^ 
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IV. 

A Mailictnaiical Theory of the Speaking Trumpet, By Jo MW 
G0UGH4 Ffq, 

To Mr. NICHOLSON. 

SIR, 

Theory of the The fpeaking trumpet is a conical tube, which receives the. 
(peaking trum- hunnan voice from the mouOi, and encreafes the range of it. 

The ftrudlure of theie inAruments, and the materials of which 
/ they commonly confiA^teach us to refer thi.<« Angular faculty to 
two caufes. In the firft place, the aeriel pulfes undergo cer- 
tain modihcalions in the cavity of the trumpet ; the nature and 
effeds of which I am going to inveAigate. Secondlyi the 
metallic (liell of the inArument augments the power of the 
voice, by its aptitude to condii6l thofe impulfes ; which arc 
impreAed upon it, partly by the pulVesof the included air, and 
partly by the dire6l a^ion of the Larynx, tranfmitted through 
the medium of the face to the mouth-piece of the InArument. 
Before I enter upon the inveAigation of the efTeds refulting 
from the firA caui'e, it will be neceflkry to preroife the follow- 
ing lemma : 

Article 1. Let O R S r (fig. IV. Plate 7) be an evanefeent 
fphere of air, which is agitated by two or more pulfes, be- 
ginning and ending together, and radiating from the points Pp, 
&c. the vibatory motion of O R S r, in any dire6tion what- 
ever is equal to the joint Aim of the forces, which the pulfes 
would imprels upon it feparately. Join PO, O p; and draw» 
the lines R O r, SO# perpendicular to P O, Op; now as 
thefe lines are evanefeent, every point of each of them is 
equally preffed at any«inAant by its refpedtive pulfe. But the 
force imparted to ROr by P, agitates the fphere ORSi 
equally in all direclionSf Principia, the fame holds true 

of the force of p upon S O s. Now thefe forces cannot co- 
alefce or be compounded fo as to adl in a Angle dire£tioji>^ 
Mancha Menu V, 5. p. 660; confequently they a£l with their 
joint powers in all dire^ions. 

Art. 2. This being premifed, iSt the fruAum A £ C D (Fig» 

> * 6.) reprefent a trumpet, the (hell of which is a non-condador 

, of Cuund. A her a pulfe of the voice has pafled through the 

apertort 



SPEAKING T&UMPfit. 


m 


aperture A B, it is bounded in front by a fpherical fuffkce, Theory of tki 
having O, the^ vertex of the cone DOC, for its centre^ and pg*^**** *’^'**"^ 
fubtending the plane angle A O B ; in other words, let foch at 
iurface be defcribed any where in the frudum A B C D, and 
the variable deniity of any one particle of air in contact with 
it, will be equal to the cotemporary denfity of any other par- 
ticle in the fame furface. For as foon as the motion is propa- 
gated into the internal air, the pulfe will expand as far as the 
tides of the tube will permit: Frlncip. 42.2; after which, the 
motion will be continued to the oppolite aperture CD, in 
right angles, 4.'i ibid, therefore it will be propagated along the 
lines A D, B C with equal celerities, fuppofe to T and V,— 

On the plane TV deferihe the furface T N V, in which the ^ 
denfily of the air is every where equal at any indant : Now 
every point of fuel) a furface adls upon the air externally in 
contad with it, and is re-a6ted upon by the fame perpendicu- 
larly to itfelf, in fuch a manner that equal portions of the fur- 
face f'upport equal degrees of preflTure. " Let U m be an eva- 
nefeent particle of the curve T N V, draw U K, perpen- 
dicular to N O ; then the f'uperficial ring between the planes 
UK, uk is as U K X \J u; but this ring is as the prefTure 
upon it ; which is alfo inverfely as the radius of curvature at 
U, therefore if U Kx U « be coiiflant, the radius of curva- 
ture is condant ; confequently it is equal to O T, and the truth 
of the propoiilion is manifed. 

Art, 3. Let f, be the force of a pulfe in the aperture A B ; 
and let the internal air oMhe cone be agitated with an equal 
and iiniilar iinpulfe at the point O ; then the effed thus pro- 
duced in the trumpet, will be the fame with that of the voice 
ading at A B, (by Art. 2.) But had the cone been out of the 
way, the fame force at the didance O A, would have been 
uniformly ditTufed over the furface of the hemifphere, having 
O for its centre. 

Art. 4. Put A 0=:r ; the variable didance O T=x ; the ra- 
dius of an evanefeent circle=:d; the verfed fine of half the 
angle A O B=p ; 3. 1 41 6=c. Then as the force/ is diflufed 
over the hemifphere whofe radius=r, in free air by Art. 3. 
that part of it whicli reddes in an evanefeent point of the fame 
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Art. b. Th« magnitude of the furface TNV=a2c.px*: 
but the force / is diffufed over this fegment by Art, 3, cofK 
fequenlly that part of it which is confined to an evanefeent 

fpace q =: — ^^2 — .. 

^ ^ 2 c p X* 

Art. 6, Since the fpherical furface T N V is convex to the 
plane C N D (Art. 2.) the agitation of the air in tlie latter 
will commence at the centre N, and extend tlience by the ap- 
plication of fucceflive circles of the fphere T N V to equal 
circles of the plane C D, having N for their centre ; which 
operation will continue until T and V fall upon C and D. — 
Now as C N D is in contact with unconlined air, each point 
of it, upon being (Iruck, will herome a centre, from v^hich a 
pulfe will radiate freely. (Trincip. 42.2.) 

Art. 7, Let P be fuch a pliyfical point, and let its area = q\ 
then if an evanefeent plane q be drawn through P perpen- 
dicular to O P or X, the force inipreffed upon it by the trum- 
jfu ** 

pet will be » - ” (Art. b) but the fame force is imparted at 

the fame time to the equal phyfical point P in the plane 

(Art. 1.) 

Art. 8. Let L be the place of an ear, in O N produced, or 
more prop.'ily of a minute fphere of air. Put N P ; PL 
= w. Nf>w the pulfc proceeding from P will have due effect 
upon the point L ( Mandt. Mem. v. V, p. 6(»2. cor. 1); which 

efro6l is as (Art'i. 6 and 7): hence we have fby 


efro6l is as — 

2 cp r* zu 

Art. 4) as-^ i ■ • — I * 

r* 2/’® 2cpx*w^ ^cpx^io* 

acting upon the fphere L having d for its radius* Rut the num« 

2 c V 

ber of points which a£t ^together =: — — {Art, 6,) ; confe- 

2 f * y 

quently their united forces = r j ■* (Art. 1 .) 

Art. 9. PulL N = g;NO = e;OCr:fl; CL=r6; and 

fd^ 

the corred fluent of the preceding exprefTion is — 3=^=3sax=B=a 

ft Q , 

drawn into the hyp. log. of — ’ when g and e are unequal. 

C Q 

But if C D bifed O L ; put C N and the corred fluent 

c . 


7 * for the forc(5 


ber of points which ad^togelhc 


becomes 
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Art. 10. Though the foregoing fluents have received oneThsoryt^ ^ 
eorre6iion« each of them requires a fecond, arifing from 
certain circumftances peculiar to this problem. For it is 
evident, that the commencement of the agitation at N is 
prior tQ that at C, by a part pf time, which is as C O — O N ; 
confequently the completion of the former pulfe at L, will 
precede the termination of the latter at the fame point by a 
fimilar interval ; which is as LC + C O — O L. Put this time 
r, and the duration of one vibration of the larynx = 1; alto 
let the indivifable interval, or 3% of a fecond according to 
Euler be denoted by fti ; tlien multiply the exprefliuns in Art, 9 

by the frartion -y-- * 

1 1 . The force determined in fhe preceding paragraphs^ 
is that which a non-conduding tube imparts to an evanefeent 
fphere of air. This circumllance affords a plaufible objedlion 
to the prefent theory ; becaufe the fenfe of hearing is not con- 
fined to a phyfical point! Hut as the feat of this fenfation is 
of a given extent, at lead in each perfon, the number of Ihefe 
vibrating points, in contact with the fcndiive furface, is alfo 
given: from this it follows, that the ededt of one particle is 
nearly a true meafure of the power of the whole number, 
wheu the car lies at a great didance from the plane C N D, 
reprefenting the trumpet’s mouth. 

Art. 12. So mucli of llie prefent (beet is occupied by the 
confi derat ion of the fird caufe, that my remarks on the fecond, 
or the effeds of the metallic flicll, mud be confined within 
narrow limits; thefe 1 fliall begin as follows. 

Art. 13. Since the conducing power of the trumpet is 
given, the vibrations communicated to the fmall end of it by 
the breath and face, will p^fs to the oppofite extremity in a 
given time; which call L. Alfo let h be the force of a 
vibration at the di dance 1 ; and C L or exprefs the fpace 
betwixt the trumpet and a remote ear. 

Art. H. In the drd place. Jet i be equal to L; then a fingle 
pulfe of the trumpet will drike the ear for every vibration of 

the voice; and theJbrceof it will be former 

paper on this fubjed. In the next place, let I be an aliquot 
partpf L; then the number of pulfes impreded on the ear in 

M 2 the 
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the time of L is hence the force Add tins 

equation to the former of (hofe found in ArU 9 ; and the Turn 
gives the force of the trumpet upon a diflant ear. 

Art. 15. But if / be an aliquant part of L, the found will 

be imperfedtly formed ; becaufe the quantity being a mixed 

number, the vibrations of the larynx will be conducted along 
the metal, and difcharged into the air in a diforderly manner^ 
fo as to deftroy the continuity of the note. The fame caufe, 
in all probability, conditutcs the difficulty which the inex- 
perienced find in their firfl attempts to found horns and 
military trumpets : for the lips, which are comprefTcd by the 
end of the tubcf form the mouth piece in this cafe ; and the 
art of producing the found feems to conlifl in cauting the 
edges of them to vibrate in aliquot parts of L, or the interval 
belonging to the loweft note of the inftrument. The fame 
origin may alfo be aferibed to the niufical fcale, compofed of 
wdiat are called the trumpet notes ; the Intervals of which 
decreafe in the following ratios, 1, &c. for is 

the greatefl aliquot part of unify, y the next in fucceflion, and 
fo on. 

Art, 16. If Ihc remarks contained in the two preceding pa. 
ragraphs be juft, the perfon who makes ufe of a fpeaking 
trumpet, muft attend to the management of his voice ; the 
pitch of which ought to coincide wdth 1‘omenote in the trumpet 
fcale of his inftrument; for proper attention to this circum- 
liancc will make the found of the metallic ihell perfe6t, and 
bring it into unifon with the other found ; which arlfes from 
the aerial pulfes, palCng through the cavity of the lube, at the 
fame inftant. In this manner, the greatefl found will be pro- 
duced, fuppofing the power of the voice to be conftant; be- 
caufe the two fets of pulfes, couftituting the unifon, will im- 
prefs the greatefl poflible Force upon the ear in a given time. 
On the other hand, if the foregoing precauti<ni be neglected, 
the imperfect found of the metal will diflurb the uniformity 
oT the other, which is formed in the cavity ; and the force im- 
prefTed on the ear by fo diforderly an aggregate of pulfes, 
will be interrupted and inconflant. 

Art. 17. Perhaps it is unneceftary to remark, that the perfcA 
elaflicity of the air forms the bafts of the prefent theory; a 

fuppoiition 
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ftippi^tioti which in all probability is not altogether juft ; but« 
when the fmaHnefs of the angle O L C is recolleded^ the 
error arifing from the hypothefts vaniflies in a great meafure. 

JOHN GOUGH. 

MiddLeJhaw, Feb, 8 , 1805 . 
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V. 

Objhrvations on Bafnlt, and on the Tranfition from the vitreous 
to the ftony Texture, which occurs in the gradual Refrigeration 
of melted BaJUlt ; with fame geological Remarks, In a Letter 
from Gregory Watt, Efq, to the Right Hon, Charles 
Greville, V,P,R, S, From the Philofophical Tranfadions 
for ] 801 *, p. 279 . 

(Concluded from Page 126.) 

.A. CURIOUS diverfily may prevail in the produ6ts of a Fufion and cod- 

compound body fubjedltxi to fufion, when abfolute folution “ 

produced. When merely fimple fufion lakes place, the aggre- compound bo- 

nation of the parts only is deftroyed : the fluidity arifes from *hc more 
, - . f , I L j powcilul the one 

the facility with which they move on each other; and a rcgu-j,^j gradual the 

lated diminution of temperature, by facilitating their re- union, other, 
can hardly fail to recompofe the fame fpecies that formerly 
appeared to cxift in the compound. But, if the molecules 
have been dilTolved and decompofed, and their component 
particles diffiifed through the fluid, there feems to be very little 
probability that any re-union (hould compofe the fame mole- 
cules. It is more likely that new compounds will be formed, 
from which new molecules, and of courfe new cryftals, will 
be generated; and that, confequently, the fame rock maybe- 
come the parent of very diverfified offspring. Thefe will 
however retain fome traces of tfieir origin ; for, as there can 
be no fufion of a compound body imagined, in which the mu- 
tual action of the components will notdecompofe fome portion, 
there can be no folution fuppofed fo perfect that every mole- 
cule (ball be deflroyed. In the firft cafe, there will e:|^ift the • 

germs of a new com pofi lion ; and, in the fecond, there will 
remain the relics of the old. 

If thefe obfervations are corre^, conftderable utility feems The aqueous 
derivable from Ihem, in the explanation of fome geological 

problems. 



1 ^ 


Calcareous fta- 
laAites: at firft 
fibrous^ then 
irregularly fpa- 
thenfpar* 


Coafl; near Sun> 
derland fo form- 


t^etroniexy of 
doubtful origin, 
iimilarly arrange 
cd in its ftruc- 
turct 


o]ds£&viti<nfs M lAftAtt, See; 

probleilid. b ^ill that they ftrikmgly ittdfif ale thef 

logy which eatifls1>etWaait (hesiqiiedin anid igtlci6iis fdreiatioAA; « 
and (how that preeifl^ the fameoirder* apd kind of artanjkenieAl 
is followed, in the generation of Aony tnaAes from water at 
from fire; for, the change of Aru6lure, which 1 have oblervad 
to be the moA inexplicable part of the procefs by whidi glafs 
pafies into Aone, is almoA exactly imitated in the fofliiifidtl of 
calcareous Aala61iles. Succeflive depofitions of calcareous car- 
bonate, form a Aala6lite, which a! firA is fibrous. A continuance 
of the procefs caufes the fibrous Ariiclure to difappear, and the 
Aalaftite becomes irregularly fpal hole. The irregularities then 
vaniAi, and it becomes perfe6t calcareous fpar, divifible into large 
rhomboids, with the form peculiar to that mineral; and all the 
gradations may be found in the fame fpecimen. Nor is this 
change confined to a few (blitary fpecirnens; for a fontnierable 
extent of coaA near Sunderland, is formed of a Inne-fione com- 
pofed of radiated fpheroids, from hall an inch to three inches 
diameter, imperfectly United. Wheli'one of Ihele fpheroids 
attains fomething more than the ufuai magnitude, it becomes 
compact in the heart; and it is not unufual to difeover por- 
tions of the rock, in which the radii have entirely difappeared, 
ahd the Whole mafs has become compaCt. It is probable that 
the entire formation of oolithi and piiolitlii is owing to the fame 
caufe; and that they ate prevented from ever arriving at great 
fize, by the union of their furfaces, and their fubfequent coii- 
folidation into compax^ limeAone, into which they are contJ- 
ntially found to giraduate. 

Hitherto, I have feleCtcd if fiances from fubfianct^s which 
have an undifpuled claim to an aqiienu*; origin. I (hall now, on 
the authority of Dolomieu, infiance a fitnilar arrangement, in a 
fubAance refpeCling the origin of which theorifis are not agreed, 
A fpecies of petrofilex is (nund in the Val de Nido, in Corfica, 
Which contains radiated pelrofiliceous glands, from half aline 
to ah inch in diameter. Thefe gland? only difA*r from the bafis 
by their radiated AruClure, and their colour ; and appear to 
indicate very clearly, that the rock was fubjeCled to a fpecies of 
arrangement which, if it had been completed, would have 
changed its nature, and probably would ha^^ rendered it por- 
phyrilic; for Dolomieu obferves, that the centre of the gland* 
Wa* often occupied by a fmall cryAal of feldfpar.* The extra- 

* Dolomieu. Journal de Phyfique, 17S4, page 260. 

^ ordinary 
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or4ifMrj|r rock coUed the globuler Granite of Corfica, Is an ^lobuUr granite 

analogous itiftance. It is comiH^fed of cryflals of borobteiide, 

feldfpar, quartz, and micOf in confufcd aggregation ; and in (his 

balls are immerfed fpheroids, about an inch and a half or two 

inches in diameter* compol'ed of concentric alternate coats of 

quartz and hornblende. The centre is principally occupied by 

hornblende; tiiis is furroiinded by a /.one of quattz. I'hefe 

fpheroids are radiated to t^centre. There can be little doubt 

that this rock is merely thdVelulloi inteirupted crynallizalion ; 

and that, if the prucefs of arrangement had continued, this 

/Iruflurc would have difappeared, and the whole rock would 

have refcmbled the prefent balls. Hitherto, this very lingular 

rock has only beep iound in detached fragments.* 

The admilTion that folution is not a requilite of cryftalliza- **«• 
tion, appears to me an iniporlant conceflion in favour of the J"cry”uii*atton^ 
aqueous fyftem, which has laboured under very great embar- but only mcclu- 
ralfracnt, fjom the dilfu ultyor diOoIviiig quartz. If a very 

perfect mechanical furp^nficn be all that is requiiite, we may cMhicultics arc 

removed. 

♦ I fliall venture to (ju«)tc another inftance, on the authority of 
riofeflTur Piuyfair. “ The fait rock in Chelhire, which lies in thick 
“ bed*?, interpohd hetwien ftiata of an argillaceous or marly (tone, 

** and isiiftlf mixed with a confidcrablc pojtion of the fame caith, 

“ exhibits a very great pcculiaiity in its (tru6lure. Though it 
forms a niafs i stremely compact, the fall is found to be nn'.inged 
“ in round maffls, of five or fix feet in diameter, not tiuly fphenca), 

“ but each compi Lfled by thofe that furround it, fo as to have the 
/hape of an ii regular polyhedron j thefe are formed of concentric 
** coats, diltingiiifhable hoin each other by their colour, that is, 
probably, by the gieater or ieis quantity of earth which theycon- 
•* tain ; fo that the rool of tb.e mine, as it exhibits ahoiizcntal fcc- 
tion of them, is divided into polygonal figures, each with a mul- 
“ titude of polygons wathout it, having altogether no inconfider- 
“ able icfcmblance to a Mofaic pavemeiPt. in the triangular fpaces 
Without the polygons, the l^it is in coats, parallel to the fiiles of 
“ the polygons.” Il’nitration of the fluttonian Theory, page 37. 

I am informed, that the filiccous depufition at Gcyl’er, is at firif 
a poroys fri«ble mafs, and that the addition of more molecules ren- 
ders it fibrous ; alfo that, on a farther addition, the fiiiroui ftruc- 
turc dilHf. pears, and the whole allumcs the cuinpadt even texture of 
chalcedony or flint. If I am not mi fin tinned, a feries of 
mens illuftrating this tranfition, cxifted in the cabinet of the late 
Dr. Hutton, of Edinburgh. 


ceafe 
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ceafe fo wo^(ler at the alqoofl daily formation of petrified wood# 
(in which, though cryA^l^ation does not equally take plaoe^ 
a very perfeS arrai^Omeht is indicated^ by the intimate union 
of the filiceous particles,) or of hydrophanous femi-opals in 
the decompofed ferpentine of Mudinet, near Turin, or of 
chalcedony containing drops of water, in the decompofed ba-^ 
fait of Vicenza. 

I have endeavoured to fliow, that in the cryfialllzalions re- 

t(mri 


bnly podible but probable. 


fufible* 


Infiances and 
rematkfi. 


SiDCf the jcry- 

Ske* hce°m the igneous fudon, it is n 

order of fufibili- that the mod infudble fubdances might not be the drd to 
ty, refra^ory crydallize; and this appears to involve important confequences, 
be*i^preffcTby f"*' *t partly removes one of the greated difficulties that embar- 
fuch as arc more fades the igneous theory, by explaining the podibilily of re- 
fradlory . fubdances generated by dre being impreded by the 
forins#f more fufible ones. It feems, however, that the fame 
order of arrangement would prevail in fubdances that were 
fufpended in a duicl medium, as the degrees of aUra6lion would 
be the fame. In either cafe, the fird dep by which the arrange- 
ment of an apparently homogenous mafs commenced, would 
probably be the accumulation of particular molecules into little 
globules. Such feems to have happened in variolites, and other 
rocks which contain fpherical concretions of a different nature 
from their bads. Still farther advanced is the arrangement of 
porphyries ; the molecules of one fpecies have adlimed a regular 
crydalline form ; and fometimes two or even more varieties o 
prydals are formed, which remain unmixed in tlie unarranged 
bads. If the remaining molecules of that bads are fufceptible 
pf crydallization, it may be fairly concliided,ahat an extendon 
of the procefs of arrangement would convert the porphyry into 
granite, or at lead into one of the compound aggregates of 
crydals w’hich conditute the numerous tribes of granites, grun- 
deins, and denites ; and it feems equally probable that this 
might be accomplifhed, whether the molecules were indebted 
to a fuitable temperature, or to an aqueous medium, for the 
requidte facility of movement. 

The formation of granite and Other rocks, mud however be 
referred to the ultimate perfe6lion of crydallization, by which 
all the molcci^les have been permitted to arrange. Thofe gra- 
nites called porphyritic, in which large crydals of feldfpar are 
imbedded in a bads compounded of the ordinary ingredients of 
granite in fmall grains, are apparently generated from a men- 

druum 


Gnnites and 
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flniiim Ml v<rhich the molecules of one fpecies, beinf greatly 
predominant in number to the reft, are thehrA to exerdfe their 
pobtfity^ and confiitute large cry dais, which are after wards fur- 
rounded by fmaller ones, refuliing from the fuccQilive repara- 
tions of the remaining elementary molecules. 

The changes of the fubdance tliat led to the foregoing re- The palTige 
marks^ ferve to (how that they are not altogether hypothetical ; vitreous 

and any proof that may appear deficient, feems to be provided from^that^to^e'* I 
by the phenomena exhibited by lavas, in which may be oblervcd porphyritic, and , 
every dep of the pafTage from the vitreous to the dody, from 
that to the porphyritic, and dnaliy to the granitic date. Tlie f>brervablc in 
lava of Lipari, which pafTcs from glafs to lava, by the genera- 
tion of minute globules, may be citOd, on the authority of Spal- 
lanzani, as an Indance of the commencement of the procefs of 
arrangement ; * and, were not their origin dill difputed, Might 
alfo cite the pilchdone lavas of theEiiganean hills. It \yould 
appear, that the traidilion from the doiiy to the porphyrylic 
date is rapid, for perfedly homogeneous lavas aie among the? 
fared of volcanic products. The porphyritic lavas are mod 
numerous ; and it is needlefs to detail the varieties they prefent. 


* Spallanzani, Viaggi alle due Sicilie, Tomo Secondo, page 2.‘38- 
The whole paiTage, literally tianflated, Hands thus : This lava 

has a bafis of ftldfpar, of a fine and compaft grain, a fplintcry 
frafture, rough to the touch, and emitting fparks, like flint, 
when diuck with fled. It has an afh colour, in Tome places ap- 

** proaching to a leaden colour. It is thickly filled with an Immen- 
** fityof little bodies, which would be diftinguifhed with difficulty, 
from the refeinbkince of their colour to that of their balls, were 
it not for their globular foiin. But this lava is joined to a great 
inafs of glafs, which forms a whole with it, without any divifion 
** or reparation between them ; and this lava, which in many places 
** retains its own nature, is in many other places reduced to glafs. 
** Some ‘parts of this glafs aie filled with llie fame little bodies, but 
” other parts arc pure glafs. This is in general very compaft, has 
a dead black colour, and breaks rather into irregular pieces than 
into undulated fragments, as glafs properly does. Befides, it has 
** I know not what of un^luofity to the touch, and to the eye, 
which is not perceptible to the more perfefi volcanic glafles. It 
** yields fparks withp Heel, like the lava; but the lava is wholly 
opaque, and the glafs, at the angles and thin edges, has confider- 
able tranfparency. h is only opaque where the globules aie, 
" which appear to be particles of lava.** 

But, 
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But, though (he procefs of arrangetuent has often only adVaneKd 
thus far, it has in many tnftances proceeded much farther, and 
it is by no meapn iwiufual to find the entire baft's regularly ar- 
ranged tnitb cryftalline bodies ; thus, to cite a well known in- 
fiance, in many of the ancient lavas of Somma, large augites 
are imbedded in a cryflalline niafs, formed of minute cryftals of 
k ucite, together with anollicr crytl.illine fubllance, whole na- 
ture is not perfedly determined. 

The calual occurrence of volcanic glafs isnowifeat variance 
with this account, as it is fufficiently probable, that fome glalTes 
may have a much greater tenderu y to cryflalline arrangement 
than others pofTcfs; and it cannot appear exliuordinary, that 
regular cryflals fliould fometimes be generated, even in the 
glafi^as it is a matter of dady occurrence in aititicial giali'es, 
and* furnace flags. 

If the diflin6lion allcmplcd to bj Ihown between igneous 
fufion and folution be eflabliflied, it may oHer a means of ac- 
counting for the abundance ol peculirr bodies m lava, which do 
not exift in other flMialioii'., ora* leak are of extremely rare 
occurrence. For, if the igneous adllon decoinpofes the molecules 
ol‘ the fiibflances on winch it operates, there leeins every 
probability that new compounds may refult, diflimilar to any 
iuhflances w^c are acquainted willi. It would appear, that the 
recclTity of imagining an undifcovc-rcd ftratum abounding in 
leuciles, chryfolites, and augiies, may be difpenfed with; and, 
as I have endeavoured to ftiow the probabdity that the moll 
infufiblc fiibflances will not be the hrft to cryftallize, the pene- 
tration of refra61ory Ieuci*es by fuflble auglles, will ceafe to bo 
an argument againfl both being generated in the lava. I may 
alfo obferve, that the fame cauh's which vary the cryflallized 
bodies refiilling from igneous foli*tion, rnuft operate upon the 
uiiarranged balls; anc| that the fame rock may be fufed into 
lavas extremely diflimilar, ns their varieties muft depend on 
(he degree of folution whicii the lufion has accompli filed.* 

If the analogy aflemplcd to bo fliown between the aqueous 
and igneous formation ap^ ear founded, the tranfitiun from gUfs 
• to 

* The evidence of the gencr.*uion of leucites in the lava which 
contains them, colIt‘6led by Leopold de Buch, and Breiilac, and 
Anally acquiefeed in by DoJomieu, appears fo fatisfaflory, that it 
can hardly be deemed prefumptuous to aflame the point as deter- 

inined< 
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i(ffhne can no way thereat queflion wbteh has fo long 
geologifls, about the origin of bafaU; for though it is 
fynthetically demondrated that bafatt may be fotmbd by 
theconverfe of (hat prupofilion Aands fupported by drong ana. 
logical arguments, and its formation by water mud be allowed 
to be at lead equally poflible. How far the probabilities derived 
from the examination of bafaltic formations may influence the 
utlimale decifion, is an eiiquiry in whtdi I (hall not now engage; 
liiough I canncft avoid recalling- to my mind, the numerous 
indances of petrifadions found in bafalt, and, as a counterpoife 
to that obfervation, the equally numerous indauccs in which 
tiiG heat emanating from it appears to have indurated drata, 
and coaked beds of cral. One remark may be dated here with 
propriety, as it arifes immediately from the experiment which 
lias occaiioned thefe obfervations. In the ultimate refiA of 
that experiment, the arrangement of the molecules was much 
more perfedl than in the original rock. It might befuppnfed, 
that a longer continuance of the fuitablc ternpcraliire was af- 
forded it. This, however, could not be, for the mafs was only Why fo little ef 
a few feet long, and a few inches thick ; the fire was only appg 
maintained a clay ; and the whole was cooled in a week. But itnidture of 
the hiil of folid bafalt, from which the fubflance operated upon ***^*^^' 
was taken, is feveral miles long, and feveral hundred feet high ; 
and, fiippofing it to have been irrupted in a (hile of igneous 
fufion, it mud have recpiired months, nay years, for its refrU 
gcration. How then comes it, that the procefs of crydalliaation 
is fo litile advanced ? How comes the confufion of its texture 
to indicate the Very reverfe of the tranquillity and perfection 
of arrangement, which may be fairly affumed as necedarily 
aliending the extremely gradual changes of fo immenfe a 
mafi; ? 

This objection admits of being obviated, upon the fuppolition Probably becaufs 
timt, in the procefs of melling, the molecules of the bafalt ^eilt fwmtd** 
were decompofed; and that the new ones generated were more difpofed to 
more difpofed to crydallize than thofe whofe place they fup- ®^y**^*** 
plied. This explanation is in fume degree judified, by the 

• 

mined. Neither de B^ch nor Dolomieti have been able to con- 
vince themfelves that the augites werealfo formed in the lava ; but 
I confefa rnyfelf entirely unable to appreciate the cogency of their 
arguments, which feem amuhilated by the admidion they have made 
in favour of leucites. 


total 
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total difappearaocB of the minute fieldrpar and hornblende of 
of the bafalt ; in (lead of which, the regenerated (lone contains 
thinJamiiue of cryftals^ which are probably augiles, 

1 cannot leave this fnbje^ withoutnoticing fome particulars, 
in which the procefs of arrangement defcribed in the early part 
of this letter, appears to yield a probable explanation of fome 
' of the peculiarities of bafalt. The general dirpofitipn of bafalt 
to divide into globular roaffes, in decompo(ing» is loo re- 
markable a fafl to have elcaped the attention of naturalids; 
though, as far as I am informed, no fatisfadlory explication of 
it has been given. The common effects of decompolilion are 
obvioufly inadequate; for it is common to fee a large block of 
amorphus bafalt feparate into numerous balls, after a few 
months or years expofure to the weather ; and, rapid as the 
procefs of decompofition has been in the intervening portions, 
thefe balls relift its father progrefs wilh uncommon obflinacy. 
May not this be attributed to the formation of the radiated 
fpheroids, whofe occurrence in my* experiment I have already 
mentioned ? and may not their greater reftftance of w eather 
ftmply arife from their aggregation being more perfect lliJin 
that of the incoherent molecules which have filled the intervals 
between them ? Though the radiated ftrudlurc has difappear- 
cd to the eye, thefe portions of the ftone retain the fiipc- 
riority of more perfe^ internal arrangement ; and, if my 
pigmy experiments could yield fpheroids of two inches dia- 
meter, there can be no difficulty in fuppoiing that the grand 
operations of nature may produce them of feveral feet. The 
reparation of the decompofed fragments in concentric coats, 
feems eafily explained; for 1 have already pointed out the fa- 
cility wilh which the radii of the fpheroids feparated at nearly 
the fame diftances from their centres, and the form of the 
fragments which refueled, referabling fragments of bombs. ♦ 

If this idea be not conlidered as eiuirely divefted of plaufibi- 
lity, I venture to -extend the fame principle, to account 
for the wonderful* regularity of the prifmatic configuration of 

* Even granite has been frequently obferved to affeft globular 
decompoiition, and divifion into fragments of concentric coats. 
This mode of decompofition extends to many fubftanccs, that Wer- 
ner has called the formation it feems to indicate, abgefonderte 
which has been rendered in Englilh, difimB concretms* 

bafalllc 
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bsftltic columns, and alfo for their articulations. If we fup-^ £numenti.>iiof 
pofe that a itiafs of fluid bafalt has filled a valley to *aw indefi- cunJfUnccbT 
nite depth and extent, the procefs of arrangement in its parti- 
cles muft be induced by the removal of its heat or moifture, 
according as its folution is igneous or aqueous. This can only 
be done by the adlion of the atmofphere on its upper furface, 
and by the ground on which it repofes abforbing the heal or 
moiflure from its under furface. From the variations of the 
atmofphere, its adtion muft be irregular; and, from the per- 
petual change of the parts in contact with the heated or moifl 
furface, its operations will always be nearly as adlive as at firfi, 
allowance' being made for its variations. But the abforption of 
the ground will be regular, and regularly diminifhing ina6tivity» 
in proportion as the parts near the mafs approach nearer to the 
fame temperature, or fame moifiure, with the mats above; and 
its abforptions can only be carried on by its tranfmiflion of 
heat or moifture to the folid rocks below. From thefe confi- 
derations it feems evident; that the arrangement of the part of 
the bafalt near the ground, will be begun with more energy 
than it can be continued, and that the refults will be more 
flow and regular than the arrangement induced by the perpe- 
tual though variable action of the atmofphere. After the firfl i* Radiated 
flage in the procefs of arrangement has been performed, and nearSlcVroun^^ 
a flratum, if I may fo term it, of the jafpedeouS fubfiance ex- * 

tended over the furface of the ground, there feems no reafon to 
doubt that a number of radiated fpheroids would be generated 
in it, which would probably have all their centres about the 
fame difiance from the ground ; and, as the arranging power 
undergoes a gradual diminution of energy, it is not probable 
that two rows in height of them fliould be formed at once, as 
that would indicate a hafiy procefs, which had prepared a 
greater mafs of matter for (heir almofi^multancous formation. 

From thefe confiderations, there feems no improbability in fup-in one layer, 
poiing, that in the arrangement of a mafs of tiui||||||^ralt, a 
(Ingle layer of radiated fpheroids would be fbrme^' fepofing 
on the ground which fupported the mai^. ^ 

I have already dated, that when the radii of two fpheroids a* Thefe would 
came into contact, no penetration enfued, but the two bodies 
became mutually comprefled, and leparated by a plane^ well places of fide 
defined, and invefied with a rufty colour. I alfo fialedf < 

when feveral fpheroids encountered, they formed one another 
4 into 
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into prifrQs wjtb woU (iefined snglBs; In ft ftratum Goaipe^ 
o( an indefinitft nuiftber in fitperficial extents but only 9119 in 
height, of impenetrable f|riierftiil«, with nearly equidifiant 
centres, if their peripheries (hould come in contad on the 
fame plane, it Teems obvious that their mutual a^ion would 
cod other fphe- form them into hexagons ; and, if thefe were reliRed below, 
aiSre^them oppofing caufe above them, it leems equally 

would produce clear, that they would extend their dinienfions upwards, and 
thus form hexagonal pnlms, whofe length might be indefi- 
nitely greater than their diameters. . The farther the extremi- 
ties of the radii were removed from the centre, the nearer 
would be their approach to parallelifni ; and the (Irudure 
would be finally propagated by nearly parallel fibres, flill 
keeping within the limits of the hexagonal prifin with which 
their incipient formation commenced ; and the prlfms might 
thus (hoot to an indeAnite length into (he undiAurbed central 
mafs of the fluid, till their ilru 61 ure was deranged by the 
fuperior influence of a countera6lihg caufe, which would be 
provided by the aiftion of the atniofphere on the upper 
furface of the bafalt. If this arrangement exifted, the f^^nic 
caufe that determined the concentric fradures of the fibres 
of the fperoids, would produce c^ivex articulations in liic 
lower joints of the prifms ; and, ii^proportion as the centre 
from which they were generated became more remote, the 
articulations would approximate to planes. If the gene- 
rating centres were not equidiflant, the forms of the pillais 
would be irregular; and the irregularity would be in propor- 
tion to the diverfity of dillance between the centres. If the 
difference was great, the number of tides would be altered, 
and they might be found pentagonal, tetrahedral, and trihedral. 
As the comprefSon of the fibres would be grealed in the level 
of the generating centres, the lower part of the prifms would 
be moft compad. 

Thefi^aat- All M||||i|i Conditions Teem to be fulfilled, in the a^ual con- 
b?r^^***^^**i^ bafaUic columns; for, in every foflance I am 
ticcoTumnsayee^^^^^*^^^ appear to have been formed in the 

with the fore- tranquil bofofti of the mafs, as (hey have been originally roafk- 
ed by amoiphous trap, and iheir prilmalic firudure js only 
difplayftd by tbp remove! of this covering. This has been 
vftfioiifly efieded» fbmeUfties by tbe apparent difrupture of 
cocks, fometimes by (be extes^ior portions of the mafs being 

thrown 



175 , 


0.B4^£EVAT10N& OK BASAtT, &C. 

thrown down by the faikire of 'the ground on whidi it flood, 
fometimes by the violence of the weaves, and not unfrequenUy 
by the working of quarries. In inofl inflances, thefe operations 
have only removed the covering from one fide of the colonnade; 
and it remains crowned, and generally furrounded, by an 
immenfe amorphous niafs. Where there are two ranges of 
calun)ii<:, witii an inteivening amorphus flratum, it is probable 
that the upper is the reTuIt of a fecond inundation of tiuid 
bafalt. It is wei] known tliat bafaltic columns are mod folid 
at the boltoni ; and their c(<nvcx articulations have been re* 
peatedly obferved. Since Ihefe con fi derations occurred to me, 

I have had no opportunity of examining, whether the divifions ^ 
a[>proacii nearer to the plane furfaces as they recede from the 
centic from which the piifnis was generated, nor whether 
below that conire ihe convex furface of the articulations is 
inverted ; but 1 think it b\ no means improbable, that fubfe- 
qupnt ohfervalions may eftablifli this to be the cafe, and thus 
confer on this hypolhetis in^arly all the demonflration of which 
it is iufceptible. I may however add, that the phenomena Bafaltic veins* 
of prifinalic divifion in bafaltic veins, perfectly coincide with 
what might be inferred from the data upon which my reafoning 
has proceeded. In is obvious that the refrigerating 

or abforbing caufe niuflU^crale with nearly equal force on 
cacti fide of the vein ; and it follows, that two fets of prifms 
would be gfiieraled, which would be horizontal inflead of 
perpendicular, and that, iinlefs a rnafs of amorphous bafalt 
was interpofod between them, they mufl form a divilion in 
tile middle of the vein, as, from the mutual impenetrability 
of their fibres, tliey could not incorporate. The coincidence 
of the exifting plicpomcna with thefe conclufions, is fuffici- 
cnlly remarkable; lor, in numerous obfervations i have made 
on the bafaltic veins which eflc6l the prifinatic configuration, 
i found (he piifms were always horizontal, and often, that 
there were two ranges of (hem. One of their endj^applied 
to the wall of the veins, the other frequently united to an 
amorphous mafs which leparated them; and, when no fuch 
intermedium occurred, there was invariably a divifion in^he 
middle of the vein. Not unfrequently, the veins contain three 
lets of prifms ; a range of fmall ones on each fide, and of 
tnuch larger ones in the middle. In this cafe, the little prifms 

are 
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are always fepafat&d from the large ones« and the divifions of 
the large ones are very irregular. * * 

Thcfedt'duc- After the flatement of my opinion, that perfed fimilarity of 
fu"pofc*diLr produ6ls of aqueous and igneous 

the aqueous* or formation, it will hardly be iiec^nkry to conclude thefe obfer- 
fgneousjbrma- vations with remarking, that I (liaiild not confider the e(lab- 
to be of tliefe peculiar modes of arrangement as the 

lliglued demonitration of the igneous origin of bafalt. It 
appears to me, that the truth of my dcduftions is entirely 
independent of either theory, and that, if ever the period 
thuiild arrive when the origin of balall (liall be determined 
by irrefragable demonftration, the inferences I have drawn 
may be accommodated with equal facility to either mode ol 
agency, f 

'I'he 

* The obfeivations alluded to were made during the coiirfe of 
laft fummer (1S()3), on tlie very numerous bafalt veins, or, as 
they are there called. Whin Dykes, which iraverfc the red land- 
ftoue and red i'andiione bieccia, which forms the greateft part of 
the coaft of the Firth of Clyde, between Greenock and the Largs. 

t Mr. Keir, in his paper on the cryftallizations formed in glafs. 
fuggells the probability of bafaltic pi|||||i being formed by the cryl- 
tallization of vitreous lavas. See lUbfophical Tranfaflions foi 
1776, Vol. LXVl, page 530. 

Dolomieu was of opinion, that the prifmatic form was peculiai 
to lavas which had flowed into the Tea $ and he attributed it to the 
flirinking of the i.iafs : his defeription of the appearances exhibited 
by what he calls tlic prifmatic lavas at the foot of Etna,* merits 
quotation. 

In the lavas of Etna, the form and dimenfions of the columns 
vary as much as the manner in which they are grouped $ hexaedral 
and pentacdial prifins are moil abundant; then the tetraedral, the 
triedral, heptaedral, and oflaedral. The lead I have feen are only 
four inches diameter \ others are more than three feet ; they are 
commonly of a Tingle flioot, which is fbmetimes 60 feet highi 
others are divided by articulations, which are from one to fix feet 
afuiider. 

1 have more than once obferved a large column divide into 
feveral fmaller in its upper part. The columns are generally larger 
near the top than the bottom of the dream of lava, becaufe they 
fiibdivide \ and they are always lead in that part of the dream of 
I * lava which flrd entered the water, the refrigeration being more 

prompt. 
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The immenfe magnitude of fome bafallic columflSf the ex- rock* alfo 
treme regularity of their prifmatic configuration, and the 
peculiar firudture of their articulations, have diredted the at- 
tention of naturalifts to them, much more than to any of the 
other rocks which the columnar form. Yet many of 

thefe are fiifficiently remarkable to deferve more particular 
notice than has generally been paid to ihem ; and they afford 
iriofl illuHrative proof, that this configuration is not confined 
to either the aqueous or igneous formation ; for fome lavas, 
univerfally allowed to be fuch, are prifmatic. * Columns of 

porphyry 

prompt, and its cffc^s more marked. Sometimes the columns are 
placed perpendicularly fide by fide, and form vertical walls, which 
are fometimes more than 1 00 feet high, and a league long ; fome- 
times they are heaped obliquely, horizontally, and in all pofitions. 

Some, without being divided in their length, are larger at one end 
than the other; and then they are arranged like wood piled up, 
with all the fniall ends at one fide; fometimes they are formed info 
pyramidal bundles, by parting from a common center ; and, finally, 
there are fume which, by their reunion, form large balls. Thefe 
ladii of lava, which are rather pyramidal than prifmatic, refemble 
thofe of the globular py^es, ftriated from the center to the cir« 
cumfeienre, which are found in the chalk of Champagne. 

On the fliore of la Trezza, near the mole, there is a very 
curious group of little articulated prifins, which iffue from a com-* 
mon center*, and form fafciculi fingularly twilled. The articula- 
tions are maiked, but the fpecies of vertebrae do not feparate. In 
the heart of the mountain on which Hands the Callello di Jaci, 
there are large balls, from two to four feet in diameter, refembling 
in form the large pyrites in the chalk of Champagne. Thefe balls 
of lava are formed of pyramidal columns, united by their points 
in a common center."* Catalogue des Laws di VEtna^ page 453. 

I'he divifion of the upper part of bafiltic columns into fcveral 
fmaller ones, has allb been obferved in the bafaltic columns of 
Fairhead, by Dr. Kichardibn. See Nicholfon's Journal, 4to* 

Vol. V. page 321. * 

* Almoft all the prifms at the foot of Etna, deferihed by Do1o« 
mieu, are of dubious origin; mod of them are probably bpialt. 

I'he columns of the.Viiicentine are of the fame fubflance, and fo 
are the prifmatic lavas of Auvergne, and of the Vivarais. The 
bed of lava at la Scala, near Portic>, is divided by vertical SiTurei# 
which give it the afpe^l of irregular columns. At Aquapendentc, * . 

in a quarry of undoubted lava, near the road, are fome much more 
Vol. X.— March, 1805« N peiieft 
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Iftftaneea s Por- porphyry are not fare ; and^ among other places^ are foond 
Drefdcn, feveral feet in length, and not more than two 
ceous fchiftus, inches in diameter. Columns of pctrofilex coropofe a large 

limeftonr^icc * mountain near Conillone lake. Very perfect 

’ ' quadrangular prifms of argillaceous fchiftus are found near 

Llanwrft* Rubble (late afTumes the columnar form at 
Barmouth. The iimeftone near Cyfartha, in Glamorgan* 
(liirei is divided into very regular acute rhomboidal prilins : 
even the fandftone of the fame diftrift is not unfrequently 
columnar r and one of the beds of gypfum at Montmartre 
is diftin^ly divided into pretty regular columns. Sandflone, 
day, argillaceous iron ore, and many other fubftances, 
become prifmatic by iorrefaftion ; and the prifms of ftarch 
formed in drying have often been confidered as illuftrative of 
bafaltic formations. 

Mere contrac- 1 am very far from conceiving, that all thefe configurations 
duceTSarre- influenced by fuch fyflematic arrangements as have deter- 
femblijig thefe, mined the form of fome bafaltic colhmns. 1 coniider mofl of 
hut lefs regular, jj^em as foleiy attributable to contraflion ; which is only a 
farther extend on of the aggregative force, and mufl be regu- 
lated by the texture, the form, and the pofition of the mats. 
Where the texture of the mafs is hqipogencous, and its con- 
traflions uniform, its dimenfions may be diminiflied, without 
its continuity being deflroyed, provided its aggregation be fo 
flrong as to overcome the vis intrtia of the mafs^ and its ad- 
Developemcnt of hcfion to Other fubflances. But, when the reli fiance is fufli- 

the effeds of cient to overcome the aggregation, the mafs will be rent by 
contraction m __ , 7 . , . , , ^ 

producing fym- nfiures perpendicular to the direaion in which the greatefl re* 

jnetris fradturca. fiftaiice to its coni faction lakes place, or, in other words, by 

fiflures perpendicular to its greatefl furface : for it is from the 

extremities of the greatefl furface, that the largefl quantity of 

« 

perfedt prifms $ but the moft beautiful I have feen, are the fmall 
ones from Ponza. The columns at Bolfena are faid to be bafalt. 
Thofe of the Eugancan hills are very irregular in form ; in their 
texture they are certainly wholly unlike granite, which Mr. 
Strange thought they refenibled. I believe them to be lava. 

The mention of feme columnar forniations that follows, is by 
no meant intmded ai an enumeration of them. I have confined 
nyfelf to thofe which I have either infpeRed in their natural fitua« 
Klim, «r of which 1 have Iton immeroas ^ectmens. 

4> matter 
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matter mud traverfe the greated fpace, in order that th^ con-> 
tradton may be performed without breach of continuity ; 
therefore^ if it be an ex ten five tabular mafs, it will be divided 
into prifms^ by ddures perpendicular to its furfaces. The 
power of aggregation would determine thefe prifins to be 
hexagonah as that form contains the greated quantity of 
matter in the lead turface^ of any pnTms that can be united 
without interpoiiiig prifms of other forms. But this would 
require the texture, the contra^ion, the thicknefs of the 
mafsi and its adhefion to furrounding fubhances, to be 
every where precifely the fame ; and, as thefe conditions 
can never be fulfilled in an extenfive formation, all the irregu- 
larities that are found mud necclfarily eiifue. Tiie fame rule 
that determines the fidures of a tabular mafs to be perpendicular 
to its furfaccs, mud determine the rents in a fpheroid to be 
dire6led from its periphery to its centre. 

Though thefe coniiderations may be fufficient to explain the They da not ae* 
tendency to dividon into prifms, which is fo generally extend- 
ed, and which has produced many of thofe abortions thatbafakes. 
have been dignihed with the name of columns, becaufe they 
have occurred in lavas and in rocks of trap formation, they 
are utterly inadequate to fiiudrating the formation of the 
more per fed balaltic prifms : they offer no means of accounting 
for the extreme regularity of the fides and the prccifion of 
the angles, for the articulations, for the clofe contad in which 
the period columns are placed to one another, not for their 
mutual adhefion, which is fo ftrong, that it often requires 
confideruble violence to feparate them. Thefe fads are in 
ubfolute cuntraclidiun to all idea of retreat or contradion, ^nd 
leem to me to coincide perfedly with the explanation of 
their origin which 1 have already prefumed to lay before 
you. • 

I have the honour to be, &c. 


GREGORY WATT. 
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improved CmftrvBionjcf Woulfb's Apparatus. By W. B. 


To Mr. NICHOLSON. 

SIR, 

Improvement in ^iVERY one who has been in the habit of ufing a Woulfe’s 
Woulfc’s appa- apparatus, muft have experienced the difficulty of fixing the 
tubes of communication, and the continual ritk Of breaking 
them. To obviate this inconvenience, I would fugged the 
following mode of conflruding the apparatus, which, if you 
think any improvement upon the prefent method, cannot be 
rendered more generally ufeful than by infertion in your 
Jourual. 

I am. Sir, 


feb.5s 1805 . 


Your very obedient humble fervanL 

W. B. 


Fig. 1 reprefents one of the bottles. The bent lube, ABC, 
being attached to the outfide of the bottle w'hen both heated, 
and entering it at C, may be made as flrong as is thought 
confident with neatnefs. 

The part H B of the tube is of a conical form, fmall enbugli 
at A to be inferted in a perforated cork. 

The (hort tube D £, on the oppofite fide, is alfo of a coni* 
cal form, large enough at £ to admit a perforated cork. 

The opening at F being intended for the tube of fafety. 

Fig. 2 reprefents the apparatus put together, the receiver 
being added as of a convenient form for conneSing with the 
other velTels. 

The fmall tube AB of one bottle, is inferted in the perfo- 
rated cork fitted to the tube D ^ of the preceding one, and 
ihejoinings fecured in the ufual way by luting. 

The tubes of fafety being fird fecurely fixed, and the cork 
clofely fitted in the tube D £, any number of bottles may be 
fiicceffively added, without the lead rifk of deranging thofe 
that are already connefied. 


Obftrvation 
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O^ervations on the Change of fome qf the proximate Principks 
of Vegetables into Bitumen; with Analytical Experiments on 
a pecjtUar Subftance which is found with the Botey Coal, By 
Charles Hatchett, Efi, F* Rf S, From the Philojbphu 
cal TranfaRions for 1 SO-i. 

\^NE of the moft inftru£live and important parts of geology, Coamfioapf 
IS the ftudy of the fpontanepus alterations by which bodies 
formerly appertaining to the organized kingdoms of nature 
have, after the lofs of the vital principle, become gradually 
converted into foffil fubllances. 

In fome cafes, this converfion has been fo complete, as to The deirtes are 
deftroy all traces of previous organic arrangement ; but, 
others, the original texture and form have been more or let's 
preferved, although the fubftances retaining this texture, and 
exhibiting thefe forms, are often decidedly of a mineral nature. 

Some, however, of thefe extraneous tbffils (as they are called) 
retain part of their original fubdance or principles, whilft others 
can only be regarded as cads or impreliions. 

From the animal kingdom we may fele£tf as examples, thelnftancei in tha 
fothl ivory, which retains its cartilage*; the bones in Gib- j“jJJ*** 
raltar rock, coniiding of little more than the earthy part or 
phofphate of lime; the diells forming the lumachella of Bley« 
berg, which dill potTefs the lufire and iridefcence of their 
original nacre ; and the thells found at Hordwell in Hamp- 
(Lire, and in Picardy, which are chiefly porcellaneous, but more 
or lefs calcined ; alfo the foflil echini and others, fo commonly 
found in the limedone, chalkf and calcareous grit of this idand, 
which, although they retain their original figure, arc intirely, 
or at lead jexternally, formed of calcareous fpar, incruding a 
nucleus of flint or chalcedony. And if, in addition to thefe, we 
may be allowed to regard the more recent limedone and chalk 
firata at having been principally or partly formed froii) the 
detritus of animal exuviic, we ftiall pofTefs a complete feriei 
of gradations, commencing with animal fubdances analogous in 

* 1 have alfo found the cartilage perfect, in the teeth of the 
mammoth. 

properties 
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properties to thpfe which are recent, and terminating in bodies 
decidedly mineral, in w^hich all vefiiges of organization have 
been completely deftroyed. 

The vegetable kingdom has like wife produced many in-r 
dances not lefs remarkable ; and it is worthy of notice, that 
animal petrifa^ions are commonly of a calcareous "'nature, 
while, on the contrary, the vegetable petrifactions are general- 
ly (iliceous *. 

It is not, however, my intention here to enter into a minute 
difcullion concerning the formation of thefe extraneous fodils $ 
I (hall therefore proceed to confider other equally or perhaps 
more important changes, which organized bodies, el'pecially 
vegetables, appear to have fuffered, (after the extinction of the 
principle of life,] by being long buried in earthy (Irata, and by 
being thus expofed to the effeCts of mineral agenfs. 


§ IJ, 

Bituminous mat- The principal objeCl I have in view, is to adduce fomc ad- 
frora^rganiue? ditional proofs, that the bituminous fubdances are derived 
matters ; chiefly from the organized kingdoms of nature, and efpccially from 
vegetables. vegetable bodies ; for, although many circumltances feem to 
lead to the opinion, that the animal kingdom has in foine 
meafure contributed to the partial formation of bitumen, yet 
the proofs are by no means fo numerous, nor fo pofitive, as 
thofe which indicate the vegetable kingdom to have been the 
grand fuurce from which the bitumens have been derived. 
But this opinion, (founded upon very (Irong prefumptive 
evidence,) although generally adopted, is however quedioned 
by fome perfons ; and 1 (hall therefore bring forward a few 
additional faCls, which will, I flatter myfelf, contribute to 
demondrate, that bitumen has been, and is aClually and im- 
mediately formed, from the redn, and perhaps from fome of 
the other juices of vegetables. 

Pure bitumens The chemical characters of the pure or unmixed bitumens, 
as©aptha, petroleum, mineral tar^ and arphaltum, are, in 
’certain refpeCts, fo different from thofe of the refins and other 
infpiirated juices of recent vegetables, that, had the former 
never occurred but in a feparate and *unmixed date, no 
podtive inference could have been drawn from their pro- 


}y 


* pyrites, ochraceOus iron ore, and fa'hiert;^ are alfo oecaional- 
found in the forms of vegetable bodies. 

pertiffs 
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perties in proof of ibcir vegetable origin. Fortunatel/, how* buttheprogref* 
over, they have been more frequently found under circum- ioftruftivTin ^ 
fiances which have firongly indicated the fource from whence thefe refpefii. 
they have been derived ; and much information has been ac- 
quired from obfervations made on the varieties of turf, bitu- 
minous woody and pit coal, on the nature of their furrounding 
firata, on the vefliges of animal and vegetable bodies which 
accompany them, and on various other local fa6ts; all of 
which tend confiderably to elucidate the hifiory of their 
formation, and to throw light upon this intcrefling pari of 
geology. 

Some indances have already been mentioned, which (how 
that foflil animal fubdances form a feries, commencing with 
fuch as are foarcely different from thole which are recent, and 
terminating in productions wiiich have totally loft all traces of 
organization. 

Similar inftances are afforded by the vegetable kingdom; but 
without entering into a nlinute detail of every gradation, ] (liall 
only cite three examples in this ifland, namely, 

1. The fubmarinc foreft at Sutton, on the coaft of liincoln- Serifs of change, 
fliire, the limber of which has not differed any very apparent 

change in its vegetable charadters *. 

2. The ftrata of bituminous wood (called Bovey Coal} found Bovey coal in 
at Bovey, in Devim; which exhibits a leries of gradations, its graUationi. 
from the moft perfed ligenious texture, to a fiibftance nearly 
approaching the cliara£lers of pit coal, aiid, on that account, 
diftinguifhed by the name of Stone Coal. 

3. And laftly, the varieties of pit coal, fo abundant in many S- Perfect pii- 
parts of this cuunlry, in which almoft every appearance of 
vegetable origin has been deftroyed. 

The three examples above-menti<med, appear to form the 
extremities and c;entre of the feries ; but as, from Tome local 
circumftances, the procefs of carbonization, and formation of 
bitumen, has not taken place in the firft inftance, and as thefe i„/iruaive fub- 
effedts have proceeded to the ultimate degree in the laft, it jeft for refeircb* 
feuma moft proper thaf we (liould feek for information, and » 

for pofttive evidence, in the fecond example, which a|Vpears 
to be the mean point, exhibiting effe^s of natural operations, 
hy which bitumen and coal have been imperfecliy and partially 

* Account of a fubmarine Foreft on the Baft Coaft of England, 
by Dr. Correa de Secra. Phil. Tranf. for 1799, p. 145. 

formed 
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formed, without the abfolute obliteration of the origmat 
vegetable cbara^ers; and, altboogh 1 have felefted the 
Bovey coal as an exampiei becaufe it is found in this country, 
yve muft recoiled that fimilarfubdances, orfirata of bituminous 
ivood, are found in many parts of our globe; fo that the 
example which has. been more immediately chofen, is neither 
rare nor partial 

The nature, however, of the various kinds of bituminous 
wood, may in fome refpeds be different ; but this 1 have not 
as yet had the means of afcertaining ; 1 fhall therefore only 
fiate the fad^ refulting from experiments made on Bovey coal, 
and more efpecially on a peculiar bituminous fubflance with 
Remarkable which it is accompanied. But, before I enter into Ihcfe 

fcfaiAus, particulars, it will be proper to mention a very remarkable 

fchiftus, with which I was, fome months fince, favoured by 
the Right Hon. Sir Jofeph Banks. 


ftom Iceland, 


confiftlng very 
much of alder 
leaves. 


External cha* 
rasters. 


§ 111 . 0 , 

This fchifius was found by Sir Jofeph, in the courfe of hrs 
lour through Iceland, near Reykum, one of the great fpouting 
hot fprings, diftant about twenty-four Englifh miles from 
Hafnihord ; but circumflances did not permit him to afcertain 
the extent of the flratum. 

The Angularity of this fubflance is, that a great part of it 
confiAs of leaves, which are evidently thofe of the alder, inter- 
pofed between the different lamellae. I do not mean mere 
impreffions of leaves, fuch as are frequently found in many of 
the ilates, but the real fubAance, in an apparently half charred 
Aale, retaining diAindly the form of the leaves, and the 
arrangement of the fibres. 

The fcbiAus is light, brittle, of eafy exfoliation, in the 
tranfverfe fradure earthy, and of a pale brown colour ; but, 
when longitudinally divided, the whole furface conAantly pre* 
fents a feries of the leaves which have been mentioned, 
uniformly fpread, and commonly of a light gray on the upper 

furface, and of a dark brown on the other; the fibres on the 

» 

^ Strata of bituminous wood are found in various parts of France, 
in the vicinity of Cologne, in Heife, Bohemia, Saxony, Italy, 
and efpecially in Iceland, where it is known under the name of 
Surturhrand. 
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Kgbt gray furbce being generally of a blacki(b-brown* which 
is alfo the colour afrumed by the fchiilas when reduced to 
powder* 

The leaves appeared to be in the Sate of charcoal, by being The leax'es aU 
extremely brittle, by the blackith brown colour, by deflagrating 
with nitre, by the manner of burning, and by forming car- 
bonic acid. 1 was, however. Toon convinced that the Tub- 
fiance of thefe leaves was not complete charcoal, but might 
more properly be regarded as vegetable matter in an incipient 
flate of carbonization, which, although polfefled of many of 
the apparent porperties of charcoal, ftill retained a (mail 
portion of fome of the other principles of the original vege- 
table. 

My fiifpicion was excited, partly by the odour produced hut bumlng with 
during combuflion, which rather more refembled that of wood 
than that of charcoal, and partly by the brown fplution 
formed by digefling the powder of the unburned fchiflus in 
boiling dillilled water; (or, by various toils I afcertained, that 
the fubflance thus diOblved was not of a mineral nature* In 
order, however, fully to falisfy myielf in this refpedl, I digeiled Dlgeftionof the 
250 grains of the pulverized fchiilus with fix ounces of water, [nj* cwiSMtlon 

The liquor was, as before, of a dark brown colour. of chefolution. 

It had but little flavour. 

Prufliate of polaih, muriate of barytes, and folution of 
itinglafs, did not produce any eifecl; nitrate of (ilver formed a 
very faint cloud; fulphatc of iron was flowly precipitated, of 
a dark brownith colour; and muriate of tin produced a white 
precipitate. 

A portion of the folution, by long expufure to the air, was 
partially decompofed ; and a quantity of a brown fubflance was 
depoflted, which could not again be ditlblvecl in water. 

Another portion was alfo evaporated to drynefs, and af« 
forded a fimilar brown fubflance, which was only partially 
folubJe in water; and the refiduum, in both of the above 
cafes, was found to be infoluble in alcohdl, and in ether. 

When burned, it emitted fmoke, with the odour of vege- 
table matter. . 

250 grains of the fcbiflus, afforded about three grains of the 
above fubflance; and, when the properties of the aqueous 
folution are confldered, fuch as its partial decompofition, and 
the depoflt which it yielded by expofure to air, and by evapora- 
tion; 
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lion ; (be iafolubility of thU d«pofit when again digefied witti 
water, alcohol, or ether ; the fmoke and odour which it yielded 
when burned; and the precipitate* formed by the addition of 
fulphate of iron and muriate of tin to its folution; when thefe 
properlieSf 1 fay, are confidered, there feems .much reafon to 
coucliiide, that the fubdanee diflTolved by water was vegetable 
extrafl, which had apparently fuffered feme degree of modifi* 
cation, but not fufficient to annul the more prominent charac- 
teritiic properties of that fubflance. 

The powder of the fchidus, which had been employed in 
the preceding experiment, was afterwards digeded in alcohol 
during two days ; and a pale yellow tinflure was thus formed, 
^ which, by evaporation, left about one grain of a yellow tranf- 

* parent fubdance, podeding the properties of redn. 

It contained Xt appears, therefore, that a fubdance very analogous to 
traa*^and extract, and afmal] portion of relin, remain inherent 

irefin, in the leaves of this remarkable fchidus. 

but ao tannin. As folution of ifinglafs did not produce any efre61, there was 
reaton to conclude, that the aqueous folution above-mentioned 
did not contain any tannin ; but, as the tannin might be com- 
bined with the alumina of the fchidus, I digeded a portion of it 
in muriatic acid, which, after filtration, was evaporated almod 
to drynefs, leaving, however, the acid in a ilight excefs. This 
was diluted with water; and afforded a blue precipitate with 
pruffiate of potadi, a yellow ith precipitate with ammonia, and 
a white precipitate with muriate of tin, but not any with fo- 
lution of ifinglafs. The tannin which might have been con- 
tained in the recent vegetable, appears therefore to have been 
didipated or decompofed, with the greater part of the other 
vegetable principles, excepting the woody fibre reduced to 
the date of an imperfed coal, and the fmali portions of extrad 
and refin which have bepn mentioned. 

Previous to having made the analyfis, 1 had an idea, that this 
fchiilus might be a lamellated incrudation, formed by the tufa 
of the hot fprings; Mit, according to Mr, Klaproth's analyfis 
ihe tu&of Geyfer is compoied of, 

• Silica - - 98 

Alumina - - « *1,50 

Iron - • 50 


100 , 

^ Beitragei Zweiterband^ p. 109. 


Jt 
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{I is therefore very different from the fehiflus, the oompoeent 
ingredients of which were afcertained from the following 
analyfis. 

ANALYSIS OF THE SCHISTUS FROM TCKLAND*. 

A. 250 grains, by diflillaiion, yielded water, which» in the Analyfit of tlio 
latter part of the procefs, became flightly acid and turbid, ^‘^***^'“®* 

s= 42.50 grains. 

B. The heal was gradually increafed, until the bulb of the 
retort was completely red hot. During the increafe of the 
heat, a thick brown oily bitumen came over, which weighed 
f.50 grains; it was attended with a copions prodtidlion of 
hydrogen, carbonated hydrogen, and carbonic acid, the whole 
of which may be efiiroated at 23.75 grains. 

C. The refiduuin was black, like charcoal, and weighed 
176.25 grains ; but, being expofed to a flrong red heat in a 
crucible of platina, it burned with a faint lambent flame, and 
was at length reduced to a pale brown earthy powder, which 
weighed 122 grains ; fo that 54.25 grains were coiiluincd. 

D. The 122 grains were mixed with 240 of pure potafli ; 
and, as fome particles of charcoal remained, 50 grains of nitue 
were added, and the whole was flrongly heated, during half 
an hour, in a filver crUcible. The mats was then diflblved 
in didilled water, and, muriatic acid being added to excels, the 
liquor was evaporated to drynefs. and was again digefied with 
muriatic acid much diluted ; a quantity of pure filica then re- 
mained, which, after having been expofed to a red heat, 
weighed 98 grains. 

E. The liquor from which the filica had been feparated, was 
evaporated nearly to drynefs, and added to boiling lixivium of 
potafh ; after the boiling had been continued for about one 
hour, the liquor was filtrated, and a quantity of oxide of iron 
was colledted, which amounted to 6 grains. 

F. Solution of muriate of ammonia was added to the pre- 
ceding filtrated liquor ; and, the whole being then heated, a 
copious precipitate of alumina was obtained, which, after 
having b^n made red-hot, weighed 15 grains. 

Carbonate of foda cauled the preceding liquor (after the 
Reparation of alumina) to become flightly turbid, but net any 
ftrecipitate could be e6Me£^. 

The remaining fpecimens are now in the Brittfh Mufcuin, 
and in the collection of the Right Hon. Charles GrevilJe. 
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Component By this analyfis, 250 grains of the fchiftiis afforded. 


Water - . - 

A. . 

Grains. 

42.50 

Thick brown oily bitumen \ 
Mixed gas (by computation), j 

}b. - 

C 7.50 
l?3.7.5 

Charcoal (by computation) 

c. . 

54^.25 

Silica .... 

D. - 

98 

Oxide of iron 

E. - 

6 

Alumina .... 

F. - 

15 


247. 

Bui (he water and vegetable matter muft be regarded as extra* 
neous ; and, if they are deduced, the real compofition of the 
fchiflus is nearly as follows. 


Xu component 
parts, exclulive 
of water and 
vegetable matter. 


Silica 
Alumina 
Oxide of Iron 


82.30 

12.61 

5. 


• 99 . 91 . 

It evidently, therefore, belongs to the family of argillaceous 
fchiflus, although the proportion of filica is more coniiderable 
than has been found in thofe hitherto fubjcdled to chemical 
anal^fis. 

The fchiflus has not been noticed by von Troil, nor by any 
of thofe who have written concerning Iceland ; for the (late 
which was fent to Profeflbr Bergmann by the former, and 
which is mentioned by the latter in one of his letters, is there 
exprefsly dated to be the common aluminous date containing 
impredions *. 


Qp8ftion, 
whether the 
circumftances of 
the production 
of this fchiftus 
were peculiar. 


§ IV. 

From the experiments which have been related, we find that 
the leaves contained in the Iceland fchiflua, although they are 

• Letters on Iceland, by Uno von Troil, p. 355. 

Mr. Faujas St. Fond has however deferibed a fchiflus nearly 
fimilar, which is found near Rochc-Seauve, in the Vivarais, 
The ftratum extends about two leagues ; and the only difference is, 
that, according to Mr. St. Fond, the fchiftus at Roche-Seauve is of 
the nature of marble, or, as he terms it,, argillo^calcareous, 
whereas this of Iceland is ubdoubtedly argillaceous. From Mr. 
St. Fond’s account, it does not appear that the vegetalsle leaves 
contained in the fchiflus of Roche-Seauve have been chemically 
examined. EJai Geologic^ par. B* Faujas St. Fond, Tome I* 
pp. 128 and 134. 


apparently 
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apparently reduced aimed to the date of charcoal, neverthe* 
lefs retain fome part of their original proximate principle*, 
namely, extrad and refin. This, of itfelf, is undoubtedly a 
remarkable hit ; but, if it were unfupporled by any other, 
the only inference would be, that the febiftus was rood pro* 
bably of very recent formation, and had been produced under 
peculiar circumdances. 

I was defiroos, therefore, to difeover fome fimilar cafes, requires «n at- 
^hich might ferve as additional corroborative proofs of the 
gradual alterations by which vegetable bodies become changed, menh. 
fo as at length to be regarded as forming part of the mineral 
kingdom ; and, from the reafons which have been dated in 
the commencement of this paper, as well as from a certain 
limilarity in the external charaders of the fubdance competing 
the leaves above-mentioned with thofe of the Bovey coal, 

1 was induced to make this lad alfo a fubjedt of chemical 
inquiry. 

In the Philofophical Tranfa6tions for the year 1760*, fome Bovey coal, 
remarks on the Bovey coal, and an account of the drain, are 
dated, in a letter from the Rev. Dr. Milles to the Earl of 
Macclesfield. The object, indeed, of the author, was to eda- 
blifti that this and timilar fubdances are not of vegetable, but 
of mineral origin ; and, to prove this, he adduces a great 
number of cafes, mod of which, however, in the prefent date 
of natural hidory and of chemidry, mud be regarded as 
proving the contrary ; whild others, mentioned by him, fuch 
as the Kiromeridge or Kiroendge coal, are nothing more 
than bituminous dates, and of courfe are of a very diderent 
nature. 

Dr. Milles^s account of the varieties of the Bovey coal, and Its biftory. 
of the date of the pits at that time, appears to be very acy 
curate ; and, for fhe prefent dale, dr at lead fuch as it was 
in 1796, I tiiall beg leave to refer to a paper of mine, pub- 
lidied in the fourth volume of the Tranfa^ions of the Linnean 
Society f; for, as this is more immediately a chemical invef* 
tigation, I with to avoid, as much as polfible, entering into 

any minute detail of geological circumdances. * 

• 

* Vol.LI.p.534. 

t Obfervadont on bituminoai>Subftances, p. 138. See alTo 
Parkinlbn’* Organic Remains of a fanner World. VoL I. p. 126. 
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It! ftrett •gKc It mmy however be proper to obferve, that the Bovey coal 
found rri ftrata, correfpondiiig in almoft every particular 
with ihofo of the furturbrand in Iceland^ deferibed by Von 
TroU*, and by ProfelTor Bergniann f* The different ftrata 
of both thefe fubflances are like wife fitnilar, being compofed 
of wood or jrunks of trees, which have completely loH their 
cylindrical form, and are perfedly flattened, m if they had 
been fubjedted to an immenfe degree of prefTure If,. 

The 


* Von Troifs Letters, p. 42. 

f Ofiufcula Bcrgmannif Tom. III. De BroduHis y<,lcaniisy 

p. 239. 

J Bergmann, in the diflbrtation above quoted, accurately de- 
feribes this appearance of the furturbrand, and then fays, “ Qua* 
auteni immanis requiritur vis, ut truncus cylindricus ita coiiipla- 
netur ? ¥onne antra Jmrticnlarum nexus /lutredinis quodam gradu 
fuerit reiaxaius f Certe, nifi compages quodammodo nuitatur, 
quodlibet pondus incumbens huic effedtui erit impar. Ccteiuni 
idem obfervatur phapnomcnon in onini fchifto argillaceo'* This is 
certainly k very curious la£f ; and the learned ProfefTor, with his 
ufual acutenefs, rejedts the idea that mere weight can have been 
the caufe. As a farther proof alfo, he afterwards obferves, “ Or- 
thoceratitae, quae in flrato calcareo conicam Jiguram Jierfe^fe fervent, 
in fchifto jdanum fere triangulare comjDcJfione ejfficiunt. Idem valet 
de pilcibys, conchis, infedlifque petrefadfis.’* And again, “ Ob- 
fervatu quoque dignum eft, quod idem repriaiur eff'e/hs, quamv/s 
ftratum calcar eum fub-jchflo colhcatimfit^ ft major i idea ponder e com- 
primente onufiumy De Brodu&is Volcaniis^ p. 240. It is cvicleni. 
therefore, that weight alone has not produced this effedt ; and 
Bergmann ’s idea, that the folidity of the vegetable bodies may 
have undergone feme previous change, in the manner of incipient 
putrefadiion, by nioifture, and by becoming healed in the mafs, 
muft be allowed to be vary probable. But bodies fuch as fliells 
could not be thus aft’edled \ and iliercfore they muft have been ex- 
pofed to fume mechanical effed;!, peculiar to argillaceous ftrata j 
which effedt, howevef, from the circumftanccs which have been 
adduced, evidently could not have rcfulted from the mefe preffure 
of the^ fupcrincumbent ftraia. To me, therefore, it feems not 
very improbable, that, together with a cerlaiij change in the foli- 
dity of vegetable bodies, produced in the manner imagined by 
Bergmann, and, together with fpme degree of fuperipeumbenf 
preffure, a real and powerful meetanical adtion has been ewrt-' 
ed, by the contradtion of the argillaceous ftrata, in confequence 

of 
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The Bovey coal k commonly of a cbocolate»bfowo» and fbiila- Eiternal cha- 
limes almoft black. The quality and texture of it are varioni 
indifferent ffrata; from Tome of thefe, it is obtained in the form 
of firaighl flat-pieces, three or four feet in length, refemblm|( 
boards, and is therefore called Board Coal. Others have an 
oblique, wavy, and undulating texture, and» as Dr. Milles oh* 
ferves, have.aftrong refemblance to the rootsTbf trees, Crom 
which, mod probably, this fort has in a great meafure been 
formed. 

Some kinds alfo appear to be more or lefs intermixed with 
earth ; but that which produces the mod powerful and lading 
fire, is called done coal ; it is blacky with a glofly fradlure ; 
has little or none of the vegetable texture ; is more folid 
and com pad than the others, being almod as heavy as fome 
of the pit coals, the nature of which it Teems very nearly to 
approach. 

For chemical examination, 1 feleded ibme of the coal which 
had a wavy texture, and lather a gloily fradure; the quality of 
this fort being apparently intermediate between the others, as 
it retains completely the marks of its vegetable origin, while, 
at the fame time, it pofledes every perfed charader of this 
fpecies of coal. 

A. 200 grains of the Bovey coal, by didillation, yielded. Chemical exi. 

Graini. 

1 . Water, vi'hich foon came over acid, and afterwards ' 

turbid, by the mixture of fome bitumen - - 60 

2. Thick brown oily bitumen - - « - 21 

3. Charcoal - -- -- -..90 

4. Mixed gas, confiding of hydrogen,! 

carbonated hydrogen, and carbonic > edimated at 29 
acid, J 

• 

200 . 

The charcoal, in appearance, perfedly refembled that which 
is made from recent vegetables. By incineration, about 4 
grains of yellowifli afhes were left, which confided of alumina, 
iron, and fllica, derived mod probably from fome fmall 
portion of the claydrata which accompany the Bovey coal. 

of dedccadoA ; this, 1 believe, has not hitherto been much eond- 
dered, but 1 am inclined, from many curcumffancei, to attribute' 
to it a very great degree of power. 


But 
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But ti is very remarkable, that neither the aihes obtained from 
the charcoal of the Bovey coal, nor thofe obtained from 
the leaves of the Iceland fchidus, afforded the fmalleft trace of 
alkalL* 

B. 200 grains of the Bovey coal, reduced to powder, were 
digefied in boiling diftilled water, which was afterwards filtrated, 
and examined; but I could not difcover any figns of extra€ty 
or of any>other fubfiance. 

C. 200 grains were next digefted with fix ounces of alcohol, 
in a very low degree of heat, during five days. A yellowiflr- 
brown tindlure was ^us forinedi which, by evaporation, af- 
forded a deep brown fubfiance, pofTefiing all the properties of 
refin, being infoluble in water, but I'oluble in alcohol, and in 
edier; it aifo fpeedily melted, when placed on a red-hot iron, 
burned with much fiamet and emitted a fragaut odour, totally 
unlike the very unpleafant fmell produced by burning the coal 
itfelf, or by burning any of the common bituminous fub- 
ilancei. The quantity, however, ^hich could be extra’dled 
from 200 grains of the coal, by alcohol, was but ('mail, as it 
did not exceed 3 grains. But this fmall quantity was fufiicient 
to prove, that although the Bovey coal does not contain any 
vegetable extract, like the fchifius formerly mentioned, ^et tiie 
whole of the proximate principles of the original vegetable 
have not been entirely changed ; as a fmall portion of true refin, 
not converted into bitumen, fiill remains inherent in the coal, 
although the bituminous part is much the inofi prevalent, and 
caufes the fetid odour which attends the combufiion of thib 
fubfiance. 

Upon a coinparifon of the general external charadersof the 
Bovey coa), with thofe of the fubfiance which forms liie leaves 
contained in the Iceland fchifius, a very great refemblance will 
be obferved ; and this isi farther confirmed, by the fimilarity oi 
the pro^uds obtained from eacli of them in the preceding ex- 
periments, with the fingle exception, that the leaves contain 

* This, as far as relates to the Bovey coal, has been alfo no* 
deed, by Dr. Milles, Phil. Tranf. Vol. LI. p. ^53. But wood, 
however long fubmerged, is not deprived of .alkali, unlefs it has 
more or lefs been converted into coal ; for I have, fince the read- 
ing of this paper, made feme experiments on the wood of the fub- 
merged forefi at Sutton, on the coaft of Lincolnfiiire, and have 
found it to contain potalh. 
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foine vegetable extiafl* whi^ 1 could not difeover in tte Bovjif- 

coal. They agree however in every other refpedt ; as they both 

cunGft of woody Gbre in a ftate of femicarbonization; tm|^r€g« 

nated with bitumen, and a fmall portion of relin, perfectly 

fimilar to that which is contained in many recent vegetable 

bodies ; and thus it Teems, that as the woody fibre, in thefe 

cafes, dill retains Tome part of its vegetable charaAers, and is 

but partially and imperfedtly converted into codl, fo, in like 

manner, fome of the other vegetable principles have only 

fuffered a partial change. Undoubtedly, there is every rea- which moft pro* 

Ibn to believe that, next to the woody fibre, refin is the Tub- a^rdt 

dance which in vegetables paflliig to the fofiit date, fiaod the bitumca; 

powerfully refids any alteration; and that, when this is at 

length efleded, it is more immediately the fubdance from 

which bitumen is produced. The indances which have been 

mentioned corroborate this opinion ; for the vegetable extradt 

in one of them, and more efpccially ' the refin which was 

difeovered in both, mud be regarded as part of thofe prin* 

ciples of the original vegetables which have remained, after 

fome other portions of the fame have been modified into 

bitumen. 

The fmallnefs of the quantity of refin obtained in both the 
preceding cafes, by no means invalidates the proof of the above 
opinion ; but, as an additional confirmation of it, 1 (hall now 
give an account of a very fiiigular fubdance,' which is found 
with the Bovey coal, 

jv. 

Dr. Milles, in his remarks on the Bdvey coal, (which 1 Singular Tub* 
have fevcral times had occafion to notice in the conrfe of this 
Paper,) dates, that anjongd the clay, but adhering to the ooal. 
coal, are found lumps of a bright yellow loatn, extremely 
light, and fo faturated with petroleum, (hat they burn like 
fealtng wax, emitting a very agreeable and aromatic feent*" * 

This fubdance, 1 alfo obferved, when Itvifiled the Bovey ft ia a peculiar 
coal-pits, in 179+ and 179i); At that lime, however, it w»as 
fcarce, and 1 could only procure one fmall fpecimen, which is 
now in the Brilifii Mufeum; but, from a curfory examination of 
it, 1 was convinced that it was a peculiar bituminous fubdance^ . 

« Phil. Tranf. Vol. LI. p. 536. 

VoL.X.— March, 180 K O 


and 
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and not loam imprqfkiated with petroleum, as Dr. Milles had 
fuppofed. I coatd not then conveniently make a regular 
analyfis of it, and therefore contented inyfelf with briefly 
deTcribifig it, in a note annexed to ihy Paper on bituminous 
SubAances. * 

Lately, however, ray friend John Sheldon, Efq. of Exeter, 
F, R. S. obligingly font me feveral pieces of it, together with 
fpecimens of the diiferent kinds of Bovey coal which have been 
tnentioned ; and thus 1 was enabled fully to afccrtain its real 
nature and properties. 

OESCaiPTION OF THE BITUMEN FROM BOVEY. 

Defcripclon of It accompanies the Bovey coal, in the manner already de« 
Bovtj! fcribed, and is found in mafles of a moderate flze. 

The colour rs pale brownilh ochraceous yellow. 

The frafiure is imperfectly concboidal. 

, It appears earthly externally, but, when broken, exhibits a 

flight degree of vitreous luflre. ^ 

The fragments are irregularly angular, and completely 
opaque at the edges. 

It is extremely brittle. 

It does not apparently become foftened, when held for fome 
time in the hand, but emits a faint reflnous odour. 

The fpeciflc gravity, at temperature 65 ** of Fahrenheit, 
is, 1,135. 

Some fpecimens have dark fpots, flightly approaching in co<» 
lour and luflre to afphaltum ; and fmall portions of the Bovey 
coal are commonly interfperfcd in the larger maflTes of this 
bitumen. 

When placed on a heated iron, it immediately melts, fmokes^ 
much, bums with a bright flame, and yields a very fragrant 
odour, like ibme of the^iweet-fcented refins, but which at lafl 
becomes flightly tainted with that of afphaltum. 

The melted mafs, wlien cold, is black, very ^ brittle, 
and breaks with a gioii'y fraCture. 

« EXPERIMENTS. 

« 

Esperifflants m A. 100 grams of this bitumen, when difiilled until the bulb 

the fame. of the Ktort-became red-hot, atforded,' 

* Tranfaftions of the Lmnean Sodety, Vol. IV. p. 139. 

4 1. Water 
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1 . Water (lightly Acid - - - • . - f 

2. Thick brown oily bitomeo^ very fimilar to that wbich* 

WEB obtained from the Bovey coal, but poflTefllni^ 
(lightly the odour of vegetable tar. - . « 45 

3 . Light fpongy coal . • ^ . 23 

4 . Mixed gas, compofed of hydrogen, carbonated hydro- 
gen, and carbonic acid, (by compulation,) - 29 . 

The coal yielded about three grain*; and a half of a(heS| 
which contifted of alumina, iron, and (ilica, with a trace of lime. 

B. Tiie bitumen was not afieded by being Jong digefted in 
boiling difiilled water. 

C. By digefting 100 grains in lixivium of pure potafh, a 
brown folution was formed ; this was faturated with muriatic 
acid, and a brown reliiious precipitate was obtained, which 
weighed 21 grains, 

D. A portion was digefted in nitric acid : at firft, much 
nitrous gas was evolved, ahd, after the digeftion had bean con- 
tinued for nearly 48 hours, a part was diflblved, and formed 
an orange-coloured folution, which did not yield Any precipM 
tate, when faturated by the alkalis, or by lime; the colour only 
became more deep, and, by evaporation, a yellow vifcid Tub* 
ftaiice was obtained, which was foluble in water. The above 
nitric folution poflefted every property of thofe nitric folutions 
of refinous fubftances which 1 have mentioned in a former 
paper. * 

E. The benzoic and fuccinic acids were not obtained from 
this fubftance, by any of the methods ufually employed. 

F. Alcohol almoft immediately began to a6t upon this bitu<* 
men ; and, being added at difterent times, gradually diftblved 
a conftderable part of it. The folution was reddiHi-browti, 
and has a refinous odour ; by the additidn of water it became 
milky, and, by evaporation, afforded a dark brown fubftance^ 
which had every property of retin, whilft^tbe refiduum left 
by the alcohol poffetfed thofe proporties which charadterizA 
afphaUum* 

The following analyiis was then made, to difcover the pro- 
portions of the component ingredients^ 


A Phil, Tranf. for 1804 , p. 198 . 
02 
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▲HAlYSIS or THS BITUMEN rfl0M BOVEY. 

A* KX) 4 ;rams« reduced to a fine powder# were dyeAed 
duriog 48. hours with fix ounces of alcohol# the veflel being 
phced in fand moderately warmed. A deep reddi(h-4>rown 
tindlure was thus obtained ; and the operation was again twice 
repeated# .with other portions of the lame menftruum# until it 
ceafed to aft upon the refiduum. 

The whole of the fpirituous folutioh (which had been cau« 
iioufiy decanted) was then fubjefted to a very gradual difiilla- 
tion in an alembic# and yielded a brown fragant refin# which 
weighed 55 grains. 

B. The refiduum. which cdbld not be diflblved by alcohol# 
wasdigefied in boiling diflilied water# but this did not aft upon 
it ; the whole was therefore collefted on a filler# was gradually 
dried# without heat# by mere expofure to the air# and then 
weighed 44 grains. 

Thefe 44 grains confifled of a light# porous# pale-brown Tub- 
fiance# which# being melted# formed a black# (hining# brittle 
mats. It burned with the odour of afphaltum# but rather lefs 
difagreeable# owing moft probably to a fmall portion of the 
refin# which had not been completely extrafted by the alcohol. 
It was infoluble in water# and in alcohol# but was readily 
diflblved by heated fat oils ; and in every other particular was 
found to poflefs the properties of arphaltum. 

The 44 grains of afphaltum# when burned# left a refiduum# 
which weighed three grains# and confifled of alumina# filica# 
and iron. 

By this analyfis it appears# that the bitumen which accom- 
panies the Bovey coal# is a peculiar and hitherto unknown 
lubflance# which is partly in the flafe of vegetable refin# and 
partly in that of the bitumen called afphaltum# the refin 
being in the largefl proportion# as 100 grains of the above- 
mentioned fubflance aflbrded# 


Refin ^ - 

55 

Afphaltum 

41 

Earthy refiduum 

- • 1 . 3 


• 99. 


Thus we have an inflance of a fubflance being found andet 
circumflancei which conftitute a folfil# although the cbaraflers 
of it appertain partly to the vegetablejr and partly to the mineral 
kingdom* 

ivi 
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'Tlid powerful aAion which alcohol exerts on moA'ofmlx^iinsntsoa 
reGtis» muy juftly be regarded as forming a Marked diftinftloo 
between thofe fubfiances and the bitumens. But, as (bme of boU 
the bitumens are aded upon by alcohol, in a flight degree, I 
was defirous to afcertain whether a fmall portion of refin was 
contained in any of thefe ; or, if that was not the cafe, I with** 
ed to determine the nature of the fubfiances which could be 
feparated, although very fparingly, by this menftruum. I 
therefore made the following comparative experiments, on > 

the foft brown elafiic bitumen from Derby (hire ; on the genu- 
ine afphaltum ; on very pure cannel coal ; and on the com- 
mon pit coal. 

100 grains of each were digefled with three ounces of 
alcohol, in malrafTes placed in warm fand, during five days, 
fome alcohol being occafionally added, to fupply the loft 
caufed by evaporation. After the above-mentioned period 
had elapfed, the liquid contained in each matrafs was poured 
into feparate velTels. 

I. The alcohol which had been digefled on the elafiic bitu* Refalti* 
men was not tinged, nor, when fpontaneoufly evaporated, did 

it leave any film or (lain on the glafs. 

II. From afphaltum, the alcohol had extracted a yellow 
lin^ure, which, in fome fituations, appeared of a pale olive 
colour, and, being fpontaneoufly evaporated, a thick brown 
liquid was depofited, in fmall drops, on the glafs ; thefe drops 
did not become hard after two months, and poirelfed the 
odour, and every other property, of petroleum. The afphal- 
tum bad lofl in weight about one grain and a half. 

III. The cannel coal had communicated a pale yellow tint 
to the alcohol, which, in the manner above defcribed, was 
afcertained to be caufed by petroleum ; but,. from the fmall- 
nefs of the quantity, the weight could not be determined. 

IV. The alcohol which had been digeflecbon pit coal, half 
not afTumed any colour ; but, by fpontaneous evaporation *, 
it Iqft a film on the glafs, which, by its odour, was alfo (bimd 
to bt petroleum. , 

By thefe experiments we find, that the action of alcohol on Alesbol 
the bitumens is very flight ; and that the fmall portion which 

^ Spontaneous evaporation, by expofure to the air, was em- 
ployed in thefe experiments, for reafoni which muft be fufficiently 
obvious. 

may 
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may thus be extra6ted from (ome of them* is petroleum. In 
tbefe* tbeprocefsof blUsninization (if I maybe to 

employ fuch e tew) appears to have been completed# HrMIft 
in the Bovey coal* and efpecially in the fubftance which ac- 
copipanies it* nature feems to have performed only tte half 
of her work* and* from feme unknown caufe* to have Aepped 
to the middle of her operations. But* by this circumftknce* 
much light is thrown on the hiftory erf* bituminous ftibfiances ; 
end the opinion* that they owe their origin to the organized 
kingdoms of nature* efpecially to that of vegetables, which 
hitherto has been fupported only by prefumptive proofs* feems 
now* in a great meefure* to be confirmed* although the caufes 
which operate thefe changes on vegetable bodies are as yet 
vndifeovered* 

Many fafts indicate* that time alone does not reduce ani- 
mal or vegetable bodies to the fiate of foffils* In this country* 
there are numerous examples >Df large quantities of timber* 
(even whole forefis) which have (Seen fubmerged prior to any 
tradition* and which neverthelefs completely retain their lig- 
neous charaders.^ Other local caufes and agents muft there- 
fore have been required* to form the varieties of coal and 
Other bituminous fubflances. In fome inflances (as in the 
formation of Bovey coal}* thefe caufes feem to have afied 
partially and imperfectly, whilfi* in the formation of the 
greater part' of the pit coals^ tfieir operation has been exten- 
iive and complete. 

In the pit coals* the mineral characters predominate* and 
the principal Vefiige of their real origin feems to be bitumen ; 
for the prefence of carbon in the fiate pf oxide* cannot alone 
be confidered as decifive. 

Bitumen* therefore* with the exuvim and iropreffions To 
commonly found in the accompanying ftrata* muft be more 
immediately regarded as the proofs* in favour of the origin of 
pit coal from organized bodi^ ; and* confident's general 
fads which have been long obferved* together with thofe 
lately adduced refpeCting the Bovey coal* an4 the fubfiance 
yvhtch is found with it, we feem now to have afaeoft onquef- 

T Phil. Tranf. for January, 1671. Phil. Tranf. Vol. XIX. 
p. 526. IWd. Vol. XXII. p. 980. Ibid. Vol. XXIII. p. 1073. 
J^id. Vol. XXVII. p. 298. Ibid, for 1799, p. 145. 


(tenable 
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tfonable evidence, tiwt bitumen has elTcniially bibn produced 
by the modilication of Tome of the proximate principlet of, 
vegetables, and erpeciatly refin. 

Modem chemiftry had comparatively made but a fniiali pri» Whetbar they 
grefs, when the illuhrious Bergmann publiftied his Diflertationj 
entitled, Produ6ta Igms JUbterranci chemtcc confideratd ; for, al^, 
that time, the extent and power of chemical adion, in the 
humid way, were very imperfedly underftood. In that part, 
however, of the above work, where he fpeaks of the foffil 
wood of Iceland, called Surturbrand, he evidently appears 
doubtful bow far volcanic tire may have adtod upon it ; al- ^ 

though he conceives that, in the formation of it there has been 
fome conne6tion with vojcanic operations. His words are, 

** Quid de ligno fqffili IJlandia fentiendum Jit, gnaro in loco na» 
tali contcmplatori decidendum relinquimus. Interea, ut cum 
vulcani operationihus nexum credamus, plures fuadent ra/tiones, 
qmmvis hucufquc modum ignoranus, quo Jitum texturamquc ad- 
quijiverunt hac Jlrata/* it certainly was very natural that 
Bergmann (hould entertain this opinion,, in refpe6t to the fur- 
turbrand ; and it is remarkable, that the leaves contained in 
the fehidus lately deferibed, are of the fame nature, and are 
found in the fame country. Tiie leaves alfo deferibed by Mr. 

St, Fond, are hkewife found in a country which, according to 
him, was formerly volcanic. Were ihcfe fubdances, there- 
fore, never found but in countries which either adtually are 
or were volcanic, we (liould be almod compelled to believe, 
with the Swedifh profedbr, that the operations of fubterra* 
neous fires have been concerned in the formation of thefe 
l)odies, or rather in the converfion of them into their prefent 
date. 

But dmilar fubdances are found in countries where not the They are fbumi 
fmalled vedige of volcanic effefls can be difeovered, 5*^^“"*^*^’^** 
Devonfliire mod undoubtedly is fuch ; yet, neverthelefs, the canucf ° 
Bovey coal is there found fiitifllar to the iurturbrand, in mod ^ 
of the external, and (from experiments which I made fome 
years ago, I believe I may fay) chemical properties ; to which 
mud be added, that both thefe fubdances perfe^ly ramble 
each other, by forming regular drata.* 

♦ Tranf. of the Linaean Society, Vol. IV. p. IS8. Von 'troil^s 
Letters, p. 42. OJmJcula Bergmanni^ Tom^ III. p. 2J9. 

Moreover^ 
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Moreover the h»If charred appearance of Borey coal« and 
p^f furturbrcind^ cannot be adduced as any prooC thpt the 
original vegetable bodies have been expofed to the partial 
effe^s of fubterraneous fire; for^ at this time, we know tjbat 
the oxidizement of fubfiances is performed, at leafi as fre- 
quefjtly, and as effe^ually, by the humid at by the dry way. 
It would therefore be foperfluous here, tp enter intp an ela- 
borate difeuflion, to prove that coal and bitfimen, with mneh 
greater probability, have been formed without the interven- 
tion of fire ; i^rid I am the lefs inclined to fay more upon this 
fubje€t, as I have already publiftied fogie confiderations on it 
in a former paper.* 

Before I conclude^ I mufi beg leave to obferyet that as the 
fubfiance which is found with the Bovey coal is, in every 
refpefl, fo totally different from any of the bitumens thitherto 
difeovered, it feeros proper that it (liould receive fome fpecific 
name ; and, as it has been proved to confiA partly of a refin 
and partly of a bituminous fubflaneq^ 1 am induced to call it 
Retin({fpttaltum, f a name by which a full definition of its nature 
is conveyed. 

I have lately feen, in No. 85 of the Journal des Mines, p. 77, 
an account of a peculiar combufiible foffil, found near Helbra, 
in the county of Mansfield, and deferibed by Mr. Voight, in 
his Verfuch einer Gefchichte der Steinkohle, der Bratunkohle, &c, 
p. 188. This fubfiance is of an a(h-coloured gray, palling 
to grayifh-whlte ; it is found in a bed of bituminous vegetable 
earth, which has apparently been produced by the decompo- 
fition of foffil wood. The pureA fpeciroens are in the form 
of nodules ; the fra6tare is earthy ; it is opaque ; foA ; 
brittle ; and is very light. When applied to the fiame of a 
candle, it burns and melts lihe fealing-wax, at the fame fime 
di fluting an odour whi^h is not difagreeable. This fubfiance 
appears to accord in fo many properties' with the retinal- 
phaltum of Bovey, that I caimot but fufped it to be of a 
fimilar nature, and f have little doubt that, by a chemical ex- 
amination, it will be found to confift partly of refin and partly 
of bifumen. 

• 

* Tranf. of the Linnean Society, Vol. IV. pp. 141, &c, 
f Frpm ftilivn, refill; and j)itumei\. 
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Account and Defiription of an improved Air Pump, By Jff « » 

N. Mendelssohn. 

# , 

To Mr. NICHOLSON. 

SIR, 

On entering into bufinefs, as a mathematical inflrament- IntroavAoir 
maker, I refolved to make it my principal fludy to introduce 
into them all the improvements which the prefent advanced 
iiate of Icience, the nature of the fubjed* and my humble * 
abiiities would allow. Thus I have begun with improving 
Volta*i electrical lamp and the air-pump. I imagine, 1 have 
rendered the conflrudion of the latter much more fimple than 
it ulbally is, and coni'equently lefs liable to derangement, at 
the fame time that it polfetTes a very great exhautling power* 

Give me legve. Sir, to etfer you a detcriplioji ot this improved 
air-pump with the requitite drawings. It is ready for your in- 
fpedtion. I (hall think myfelf very happy, if this ufeful phi- 
lolbphical inftrument meet with your approbation. And if it 
be fo fortunate, I requeti you the favour of introducing it into 
public notice, by inferting my paper in your excellent and^ 
defervedly celebrated Journal. 

1 am, with the bigheft edeem. Sir, 

Your humble and obedient fervant, 

N. MENDELSSOHN. 

No. 50, Surry-Street, Black-Friars, 

Feb. 13, 1805. 


Not^^ithdanding the many improvements which have been Defeription of 
made upon the condrudlion of the air-pump, it was dill de- ?*®“del0bhn’s 
drable that this indrument (hould be more fimplifted in itSpH^p/ 
mechanifm, and yet polTefs the fame advantages of thofe con- 
drufled lately. That the mechanical power of the pump, and 
not the predure of the air, (hould open the valves, has Jong 
been required and already done by Mr. Cuthbertfoh, Mr. Ha«s, 
and feveral other fkilful artids; buf may 1 be allowed to remark, 
that on reading the defeription of thdr indruments, they ap- 
peared to me to be too compounded. It mud be very difficult 

■ for 
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for in experifflental j^ilofi^er to clean an inftroinent whicli^ 
being thus complicated, is not only rendered intricate, but is 
alfo difficult to be put together again. Being deiirous, there- 
fore, to fimplify this inftrument, I adopted the confirudlon 
here defcribed, by which it is capable of beiu pul together 
in lefs than half an hour when cleaned, and requires that 
operation very feldom. 

I fubroit to the judgment of yourjcientific readers how far the 
prefent inftrument anfwers its defired purpofe. 1 have rejeded 
that tube which, in common air-pumps, leads from the valves 
to the receiver, together with the cock that ferves to ftmt this 
pipe : the receiver is placed immediately upon the valves, 
thefe being put on the top of the cylinders, which, confe- 
quently, required the rack work and pinion to be underneath, 
and inverted the whole inftrument. See the adjmning draw- 
ings PUUe VI. where A B and C D reprefent the two cy- 
linders of glafs ground and poliibed infide. £ and F are the 
two valves that allow the cylinders to communicate with the 
receiver O through two very ftiort canals A B and C D (Fig 
Plate VII) and the cock G. Two other valves that open into 
the atmnfphere are within the covers / and as may be feen in 
Fig. 1, where e reprefents one of them. M N is the receiver- 
plate of glafs ground flat ; P Q a barometer-gauge, ^pon 
the plan of theftrft Torricellian tube, as the eafieft to conftrufl 
and the moft infallible in its efTefts. It will be found to be 
here quite out of the way, fecure from being broke by accident, 
and the moft in light. H K and 1 L are two brafs pillars that 
fupport the whole. R S V W the ufual rackwork, having a 
double winch I m, which, upon trial, will be found preferable to 
a Angle one. 

It will now be neceflary to ftiew how this pump a£ls, in 
which it will be fufticienk to explain the action of one cylinder, 
becaufe the other is in all parts alike. E is a conical metallic 
valve, from which a canal goes through the cock G up to the 
receiver^ as is feen *in Fig. 1 and 2, Plate VII. where all the 
parts are marked with the fame tetters. E T is a fteel rod 
goingtthrough a leather box in the pifion U. The top of this 
rod b fixed to the valve E, and its bottom part flMes in a 
fmall hole with an allowance of 0,1 inch up and downward, 
confequently the valve £ can move no farther. When the 
pifton defeends, it firft c^ns the valve by puibing the rod fci 



the bottom of &e fade, TKm it flUlet doim i]lWl|( At d 

E T« and the air from the receiver has now fiiM (to imynmi ilr? 

cyRoder. When the piflon retumt it Kfts the rod E T# laid pump* , 
Ifaus (huts up the valve. Then the pifion flides again along 
the rod up to the top of the cj^lind^, condenfing the air 
above it, which air, by the lealt condenfation, opens a valve e. 

Fig* 2, and efcapes freely into the atmofphere. This laft 
valve has neither fpring or additional weight to (hut itp but 
ftwts by its own weight (about a quarter of an ounce) as 
foon as the pifton is arrived to the top of the cylinder. 

The cylinders are made of glafs, end the pifions of to, Jb 
well fitted fa to be air^Ught^ without the inlef'pofition qf any 
leathers. The friction of thefe two bodies is fmali beyond ex- 
pefiation, a fu(iicient proof that they will be durable. They 
polTefs the further advantage of being capable of (landing for 
even (ix months, after which time they will ferve without 
being cleaned or repaired, becaufe they are not liable to be 
corroded by the oil which they contain, an inconvenience too 
general in brafs cylinders. Afler all, if the prefent pump 
(hould want cleaning, it is an eafy operation to take off the 
top piece g k, by unfcrewing the nuts H and I, when this 
piece, with all the apparatus upon it, will come off. Then 
each cylinder may very eafily be (lid off from the pifton, 
wiped out and replaced, after having greafed Us inhde with a 
little of the cleaned Tweet oil : The top is then to be put again 
in its place, and the two nuts H and 1 being fcrewed upon 
it, the inftrument is ready. Neither racks or pinion need to 
be taken out of their places, the cylinders danding above 
them. 

The cock is condruded fo, that, being in (he (ituation re- 
prefentcd in Fig, 1, the communication is open between the 
cylinders, the receiver, ^nd the bfarometer-gauge, and, by a 
quarter of a revolution, the cylinders are excluded, the re- 
ceiver and gauge being dill left in copmunication. A little 
fiopper in fig, S, ground into the cock, being open, air is 
admitted to the receiver if required. , 

The receiver-plate is of glafs ground dal^ as was men- 
iaovied befpre : Ihis will be fbund preferable to brafs, becauie 
cleaner, and never corroded by adds or water; it will befides 
pften prove very convenient in making experimeiits on decto 
jtricUy in the vacuunr. 


Tto 
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' Hie wbde inArum^nf it Axed upon « inabogflny (Able, 
which fervet at a Aand to it. 

1 will conclude by obferving, that n^lAiGr (he employing 
of gtafs cylinders, or the method of opening (be valves, are 
new, but, for aught I know, this is the firA uifirument of 
the kind ever executed in this counti^; as likewife the idea 
of putting the valves at top, and thus Amplifying the infiru* 
ment, feems to have efcaped the attention of (be eminent 
artifts both here and abroad ; as to my beft knowledge, it has 
never been done or defcribed any where. The metallic pif* 
tons, wilhottt leathering, muA certainly add to the durability, 
and diminilh the great labour that ufually attends working an 
air-pump. 


IX. 


Letter ctmcerning Fidladium% from Wflliam Hyde Wol- 
laston, M, Z>. F, R, S, the Difcoverer of that MetalUe Bodjf^ 


SIR, 


To Mr. NICHOLSON. 


The author The candour with which you communicated all circum-r 
that came to your knowledge concerning palladium, 
fpeding pal- at a lime when the difcoverer of that fubAance was yet un- 
to you, demands my earlieA' acknowledgments, as 
having been the author of ihofe communications; and it is 
proper that I (liould alfo exprefs the fatisfadlion 1 received on 
learning the refpe£table tribunal you nominated at my requeA, 
for examining the merits of any attempts that might be made 
* to form that fubAance artiAcially. 

Koafonisvhytbe As I have already Aiewb (in a paper which you did roe the 
reprint in your Journal for January laA, p. 34*,) 
ad to the world by what means a very fmall quantity of Palladium may be 
•nonyntoufly. extraded from the ore of platina, and as I have there examin- 
ed the fynthdw attempts to prove that this body was a com** 
pound, with a degree of attention which I thought due to 
the chemical Acill of the perfon who propofe^ them, as weR 
as to the degree^f uncertainty that muA attend a fubjeft 
entirely new ; I cannot now adduce farther chmical evidence* 
and can only add, for the information of thofe whofe judgmeiH 
has been biaAqd by difficulty of accounting for the pco. 

duQipn 
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dudion of fo large; # .quantity of palladium as was ofierod for 
fiilo, that a proportional quantity of platina« hrom wrhi^ tlKi 
whole was extra^d, was purchafed by me a few years £ 000 # 
With the defign of rendering it malleable for the diSem^t 
piirpofes to which it is adapted. That objed has now bh(p 
attained, and during the folulion of it, various unforefeen 
apffoarances occurred, fome of which led me to the difcovery 
of palladium ^ but there were other circumftances which could 
not be accounted for by the exiflence of that metal alone. 
On this, and other accounts, I endeavoured to referve to 
myfelf a deliberate examination of thofe difficulties which the 
fubfequent difcovery of a fecoiid new metal, that 1 have 
called rhodium, has fince enabled me to explain, without 
being anticipated even by thofe foreign chemifts, whofe at- 
tention has been particularly direded to this purfuit, 

I remain. Sir, 

Your obliged and obedient Servant, 
W. H. WOLLASTON. 

Feb. 23, 1S05. 



X. 


Sfiort Remark on Mr. Walker* e laft Letter reJpeRing Focal 
Images. C. L. 

To Mr. NICHOLSON. 

SIR, 

I WOULD beg your indulgence for a very (hort letter, in C. L. dscUnei 

anfwer to Mr. Ezekiel Walker. The only reply which 

needful, on the fubjed of the temper in which he or I may Ing Mr.WaWi^ 

have written, is that if his firft paper had indicated more 

the calm fpirit of philofophy, as well as of philofophical cor- denies’the facts, 

rednefs, my obfervations might either have been unnecelfary, 

or, perhaff^ draWn up without any extraneous remark. As it 

is, I do not think myfelf entitled, nor am 1 indeed inclined > 

to offer any flridures upon his laR ; which I leave to die un- 

biaffed judgment of your readers. On the prefent occaiion, 

I only wifh to adhere to the experiments. Men of fcjence 
will find no difficulty in forming a proper efiimate of our 
teafonings. In plain language, therefore^ 1 Will beg leave 

to 




«08 


USE OF aUSH VITElOt 


to wave any aileotion to tlie hiftory of -Mr* Walker’j expert* 
Oienti^ upon' which I have animadverted, and to deny hie 
fajSi. What may have deceived him in hts proceedings, bia 
admearuremenU, and hb repeated regifterings, is not for me 
to difcufi!. If he will fend his lenfes to you, and you (ItoiUd 
find (hat, under any circumftances whatever of diftance or 
pofition, it be pof&ble, by a mere alteration in the aperture, 
to produce a difference, as 2 to 3, in the length of the focal 
image, (fee Philof. Journal, Vol. IX. p. 1654} I think it will 
be incumbent upon us to re-examine all the fadls and demonflra- 
tions, of what we have hitherto been in the habit of calling 
the fcience of optics, in order to reconcile them with fo llrange 
a refult. 

lam. Sir, 

Your obliged 

C. L. 
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A Communication on the life of Green Vitriol, or Sulphate of 
Iron, ,a» a Manure \ and on the Efficacy qf paring and hwn* 
ing depending, partly, on Oxide qf Iron. % George 
Pearson, M. D. Ilonoraty Member of the Board of AgrU 
culture^ F. R S. From a Communication made hy him to the 
Board, and inferted in the fourth Volume qf their Tranfadions. 

Sulphate of iron I TAKE leave to lay before this Honourable Board, an ac- 
count of a fuhftance as a manure, which 1 find, on examina- 
Seftrudive of tion, is one of the things, hitherto univerfally believed to be 
vegeudon, ^ poifon to vegetables. Having afcertained that this fubflance 
Js what is commonly known by the name of vitriol of iron (the 
fulphate of iron of the chemifls), inveterate opinion prevented 
me for fome time from accepting the teflimony of it as a ma^ 
nure; but feeling the weight of the refpe^lable evidence by 
whom it was attefled^ after coniideration 1 percei^ that the 
in quellion was not 'at variance with eftabliAied principles 
of vegetable pbilofopby, as 1 fhall, 1 think, make appear in 
this communication. « 

—but the coo* My friend John Williams Willaume, Efq. of Tingrith in 
trary l» true* Bedfordfhire, having defired his brother, Charles Dymoke 
Willaume, £lq. to aik my opinion of a faline fubdance col- 

kded 
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laAed from which baa been ufed with profitabli confiS- 
quicflces as a taanure ui his nei^i^hbourhood ; I propolbd a At 
of queries to Mr. John W. WillBome, the anrwers to wbiobi 
in the two following copied letters, comprehend the evidfACe. 
1 have to offer* 


LETTER No. I. 

^To Dr. Pearjbn, from C. D. ffillautHc, Efq. 

My DEAR Sir, 

I RECEIVED the inclofed lafl Saturday, and hope the an- Letter of Intor* 
fwers to your queries will be fatisfadoiy, and tend to elucidate 
this curious fubjedl. Though the anfvvers under the article daft dull, 
only relate to your queries, yet my brother has thought proper 
to advert to the qyAev, which } ou conceive to be a caput mor- 
tuum ; but which have been ufed as^ and have been fuppofed 
to be, a benehcinl manure from time immemorial. I have re- 
ferved a piece of the peat from which the alhes are produced, 
and if you would with to analyfelt, 1 will fend it you. Fa* 
vour me with the refult of your future inquules on this fubjeA, 
and 1 am. 

My dear Sir, your's very fincerely» 

Walhani Green, C. D. Wile A VMS. 

Auir, 24', 1801. 

LETTER No. II. 

Fiom John W. Willaume, to €• W. Willaume, 

Queries propofed by Dr. Pearfon. 

1. How long has the fait of peat been ufed ^ Qjieriei rcfpedl* 

2. How much per acre is laid on ? Wtof psit, 

5. On what kind of lands ? 

4. The effedts of it on vegetation 

6. Whether it is mixed with dung manure, or lime ? 

6. In what parts of the country has it been employed ? 

7. Any other fa€ts which can be colledted relative to the ufe 
of this fubdance? 

In anfwefing the above queries, I ftiall divide the fuLjed 
into three articles, 1 (I, the peat confidered as an obje£l of fuel ; 

2d, the ajhcs ; 3d, the fait of feat, or duft ; tlie two iaft a» 
objefis of manure. 


1. Peat 
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MaripdoBef I. Peat, TSiepeati which is ifoond ^er tlie removal of the 
turf or exterior farfiice^, to about a fpade’s depth^^ has long 
been known as an artiefeof fuel. .It is, however, ufed only 
by eottagersi^ who burn it on a brick hearth ; it has been Ve- 
j^ed from the parlour, the kitchen, the brewhoufe^ &c. as 
being injurious to grates, and to all forts of velfels put on it ; 
it cannot be employed in the roafting of meat, as it will im- 
part ad ifagreeable tafte. and it is deilru6iive of all forts of fur- 
niture by (he effluvia which it emits, or by the dud or afhes 
which may chance to be blown from it. If thefe difagreeable 
confequenccs could be obviated, it might be made an article 
of general confumption as a fubdilute for coal, much to the 
advantage of the feller and confumer ; it is dug out in the 
form of a brick to a certain depth, well known to the common 
labourer. This depth mud be carefully attended to. led you 
diould cut out the daple. in which cafe it would never be re- 
trieved; but. this circumdaAce attended to. it will grow 
again to its former date fpac^ of fifteen years. Thus 

the whole moor is divided i^ proper portionsi and periodi- 
cally cut once in fifteen years. 

Its afhes. 2. 4^*' furface. and fuch parts of the peat 

as do not appear to be of the bed quality, are laid up in con- 
dderable heaps, and reduced to adies by the action of fire. 
Th€ ajhcs are red, 

Anfwer to Queries, 

Anfwers to the long known as a manure, and llie 

queries as to the demand is on the increafe. 

2. The quantity ufually laid on an acre, by fpreading or 
fowing it. is fifty bufliels. either on grafs or arable land. 

3. It is laid on hot land. By hot land, we underdand 
Tandy, gravelly, chalky foils of a dry nature, fuch as are 
burnt up on the long continuance of hot weather. It is mod 
commonly ufed for grades ; but is in condderable edeem. as, a 
manure. A}r oats dr barley on land of the nature above-men- 
tioned. 

4. *The vegetable ede^I is furpridng. inafmucb as it will 
double or treble a crop of any new fown grafs. fuch as trefoil. 
&c. 1 have feen the benefits arifing from it on old padure 
land much overgrown with mofs, which it effeduallydedroys.' 
and produces ii^ its dead white or Dutch clover < You may 

trace 
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io EH thf rieeflhtioii and rjccommenQmtMi:pt ^ 

E|^fe. It led^^biE^ that near the lire heaps; ai AMr il' 
tha' wind cap cifriy tighter parts iif the athes, tb« pieifltiQa^ 
tion of ^ to be abundant; it is equally ftvHurabb 
to the growth ^ bjurley or oats« 

5. It is not mixed with lime^ or any othef manlire. 

0. Thefe aflieji are bought; by a fet of higleri* who carry 
them in bags loaded on alTes to.a confiderafcfle diliance, where 
they are known to be in great repute ; they muft come eaccef* 
lively dear to the cohfumer by this mode of conveyance. The 
farmers in the vicinity fend for them in waggons^ particularly 
Mr. Bruniiger, near Sundon in Bedfordlhire» a oonfiderable 
and intelligent farmer, who increafes his confumption every 
year, both fur his grafs and ardble land. 

3. The SaU qf Peaig or Duft. 

Aqfimr to Queries » — 1 . The dv^flfetr gray faline fabftance is Anfwennefptft* 
produced by beating the earth (Staining this fait Io a pow- ^ 

der ; it is found in particular fpots, not univerfally, the earth 
not being equally impregnated with kin all places; it has not 
been known as a manure above (ix years ; but on trial greatly 
increafes in reputation and demand. 

2. Fifty bu^els are the proper quantity per acre. This 
ilu)uld not be exceeded^ for if it be Imd on in too great abun- 
dance, it may prove extremely deleterious. 

3. It is Ifed for cold lands. By cold lands we underfland 
clayey, or any wet grounds. 

4. It will much improve the vegetation of fpwed grafles, 

and old pakure, and is equally favourable to the produdion of 
corn ; the ground, whether grafs or arable, being of a cold 
nature. « 

5. It is not mixed with lime, or any other fubftance. 

6. The duft is likewife bought by the higlersi and carried 

to great dikances. The nearer farmers likdwife fend for the 
doft in vvaggonsi particularly Mr. Anfiie, of Ounflable Hough* 
ion, and Mr. Smith, of Sundon« who bold this manure* in 
great efieoin. ^ 

Yourt^ Sec.. 

Thgrith, Aug^ 19, 1801. J. W« WlLiAVMu. 

VoL. X«*-Makch, 1805. P (Dr. 
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ZV. Ptarfin^s Sxpei irntm, Ok/hrcoHonst ami Itcmarh Oj^ thr 
Stt^ance called Salt qf Peat, or Dvfi* 

Dr. femron’f ^ 1. It tf ft blaGkifh gray, coarfe, and rather heavy powder, 

natim^of faitof ftncll ; taftes tirongly ftyptic; readily diffolves in the 

peat or duft. Riouth ; did not deliquefce on expofure to the air. 

2* Didblves in foui times its weight of water of the tem- 
fierature ot lixty degrees of Fahrenheit^ and in twioe its weight 
of boiling hot water^ giving a pale green coloured folotion^ 
with a trifling fedimentr which is infoluble in muriatic acid. 

.1. To the folution (2.) I added a little liquid prufliate of 
vegetable alkali in a perfedlly neutral Aatei which occafioned 
immediately a mofl abundant precipitation of pruffiate oi 
iron; and this tcffl was added gradually, till no further precipi- 
tation took place. 

4. Into the decanted and filtrated fluid (3) was poured li- 
quid caiiAic volatile alkaMMut wil^Jhout inducing any change. 

5. Into the fame fluiop) was poured liquid carbonate ot 
vegetable alkali, which produced a fcarcely perceivable cloudy 
appearance. 

b‘. Into the folution (3) was dropped the aqueous folution 
of muriate of baryt, which occafioned immediately a milky 
appearance. , ^ 

7. To the folution (3) I added thp oxalic acid, and turbid- 
nefs enfued. 

8. A little of the powdery fubflance, called the fait of peat, 
with concentrated fulphuric acid, produced no emiffion of 
fumeS) nor fmell. 

9. The folution (2) with muriate of baryt, immediately 
grew thick and white as cream. 

10. The folution (2) with carbonate of potafh, depofited a 
very copious greenifh fediment; and the fame effeft enfued 
with CBuflic volatile alkali. 

11. The folution (2) with oxalic acid, gave inftantly a very 
turbid bluiAi green precipitation. 

The preceding experiments manifefted that the peat Jhlt con- 
fills of fulphate of iron, vulgarly called green vitriol of iron, 
mixed with a very minute proportion of filicious earth, and ot 
lime united either to fulphurtc acid, or to carbonic acid. But 
* the prefence of the earths magnefia and argill; the uncom* 

bined 
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bine4 ^kali^s; uncombined tcids; arebylbel^ 
lll^U exdudj^ A)ort« the (ak of peat U almoin 
irotu 

Itemarit, 

1. ijt I apprehend, depofited by evapo- Salt of fitt hair 
rationt whi^ niff over fee moors, where k is found; and*^**®*^ 
hence I fhould expedl noany of fuch waters to be flrongly im- 
pregnated wi'tii It, and in many parts the foil to be tinged red 

and yellow by ochre. Very likely ♦ on enquiry much iron 
pyrites will be found on, or near the moors. 

2. The quantity fpfead on land is faid to be fifty buihels per quantity maft 
acre, which I efiimale at 2,250 pounds avoirdupoife; this will.]^J'J^*^^*® 
give near feven ounces and a half per fquare yard. If a larger 

quantity be applied, it is obferved it will prove extremely de- 
leterious. This is true ailb of every other manure, lUch as 
lime, alkaline falts, marine (alt, nay, of the dung of animals: 
for if they be ufed in certain quantities, they poifon plants, in- 
fiead of promoting their, ;growtt||gpr This is equally true in the 
animal kingdom ; for there is not an article taken as food, or 
as feafoning, which is not a poifon, if taken in certain quan- 
tities. A human creature may be poifoned or alimented by and it is hurt- 
beef or pudding, according to the quantity of them taken i«l'>cefs°"si 
the fiomacb. He may be poifoned, or have digeftion greatly condimsau aUa 
alTifted by fait, or, pepper, according to their quantity. In"®* 
brief, the vulgar notion of the term is erroneous : for 

by it is conceived that fubfiances fo called are in their nature 
pofitively defiruftive of life ; but fhe truth is that the moft vi- 
rulent poifons are, in all reafoii and fii6l, only deleterious ac- 
cording to the quantity applied. White arfenic fwalldwed in 
the quantity of ten grains or lefs, will defiroy life; but in the 
quantity of one-fixteenth of a grain, it is as barmlefs asa glefs 
of wine; and fullher, in that dole is a remedy for inveterate^ 
agues. 

From thefe confiderations I conclude, that there is no ad- 
'miffible contradictory evidence to the teltimonies for the &r- 


• ** is,” fays Mr. Willaiime, exaftly the faft. TJijy ful* 
p^ate of iron, the fait of peat, during the heat of the fumme^^t 
frequ^tty founB in a chryfialized ftatt, very white, a(hd Mtkiihg 
iihddr tha feet; Btit is d^iquefoent In that form, afidtunhs to hi 
ibfroar &rk colohr when tht air becomes moht.*U3Viil ^ Mr. Ji 
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tiliziilg dfRiQ of fdlphftte <!vf iron» unlefs by fuch couirEvemtig 
ovidetiOtf the qtltittify Hgt^d to be afed edeeed fifty pet 

turn; it beiflg an efiabliflied h&, tbet in certern projftMd!^ 
this metattk fait is a poifon to plants. 

Hits difcovery of Mr. Wi!Iauin& mll« I thmkp giste new 
li^p fo as to explain fully the ratwnitk of the im^irovement 
of land by the burnt earth and atbes from pbring dhd burning. 
It is ufual to 8cc;ount for the etre6t'i oF this procefsp by refer, 
ring to ftippofed alkaline or other falts ; but of thefe there is no 
evidence, nay, on trial 1 have not detected them, or at leafi 
not in any efficient quantity ; but thn I know, that fuch earth 
and aihes contain oaide of iron, and as I fufped of tnangantjb ; 
which from the analylis, and the effe& of fait of peat, muft 
now be admitted into the clafs of manures. This very com- 
munication of Mr. Willaume, affords evidence of the truth of 
this conjecture, for the ajhes qf the peat which afford the fidt 
** have been long known as a manure, and the demand is on 
the kicreafe i** of courfe, 4lbre afhes contain an unufual quan- 
tity of oxide of iron. A confequence of this reafoning is, 
that the burnt earth of foils will, cateris paribus, fertilize in 
proportion to the oxide of iron it contains. Accordingly the 
afhes of the peat, fays Mr. Willaume, have a furprifing ef- 
feCt» they ** will double or treble a crop of any new-fown 
grafs, fuch as trefoil, they are fo beneftcial, that in fpite 
of the expence they are carried in bags by higlers to great dif- 
tanCei. It would be extending this paper beyond the propofed 
limits, to reafon at a greater length, and to liiake a further in* 
duCtion of faCts : therefore I will clofe with afferling, that the 
more 1 contemplate the laAs in Mr. Willaume's letter, the 
mere evidence 1 perceive for the truth, that metallic falts, and 
metallic oxides in general, and falts and oxides of iron in par* 
tlciilar, are manures, ift applied in proper dofes. 

It IS confidered I not think it is within the defign of this paper to make 
asefleAheupon obfervations on the anfwers to the 2d, 3d, 4th, 5th, and 6th 
except, once, for all defiring that it may 1^ nnder- 
or feafoa- that I confider the Jkit qf peat and the ajhes ef peat, as 
opemfing in promoting vegetation analogous to fealbbing, or 
condiments, taken with the food of animal#; (hat is, aitbidogotts 
to mofiard, cinnamon, ginger, &c* which are not pf them- 
felves at all or necefiartly nutritious, bat oontribula to render 
oAer things nutritkms, by exciting tbe aflion of Uip fiomaeb 
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««d oDi'er orftnt of 4igeftton and affimulation. I liaiNl''fld 
dodbjt of Uie tcodi of the propofitioo, that no 
neither plant nor aninal* can grow and live in a ftale of vifi*' 
ble aSion wtlhout conftant fupplies of matter which hoe hem 
aUve ; in other words, /iping animals and vegetables can onijr 
live on dead animals and dead vegetables. No plant, nor anu 
maf has ever been known by experience, nor in the nature of 
things does it feem reafonable, that they can be nourilhed by 
mere water and pure air, as fome perfons have aflerted. 

1 (hall make a few remarks on the other two JUhftat^es which 
are the fubjeft of Mr. Willautne's letter. 

2. The Peat. 

The peat is a denfe mafs of vegetable matter for a certain ChsmlcU t«« 
depth, partly in a dead and partly in a living ftate, with which 
is mixed more or lefs earth, and in burning it affords fo much 
einpyreumatic oil, as to give a dtfagreeable taffe to roafted 
provifions ; hence, as we are told, it has been rejeded from 
the kitchen. This fuel affords a vafi quantity of what the 
chemifls call lignic acid j hence it is rejected alfo from the 
parlour, as very deffrudive to the grates. 1 beg to fuggeft 
that this lignic acid might be faved in burning the peat as fuel, 
and be ufed for various purpofes in manufactures; and the 
charred peat may be ufed in place of charcoal of wood. Pro* 
bably too other ufeful products will be found, on examining 
the matters more accurately which are afforded by diffillation. 

S. ^Jhes. 

If the peat were mere vegetable matter, the afftes afforded The afhe 
by it would be as trifling as thofe of wood; but fome parts of 
the moor contain fo much earth and oxide or iron, as to leave 
behind, on burning, a confiderable quantity of incombuftible 
matter ; and fucb kind of peat, we are told, is not ufed as 
fuel ; but, after burning, the reffdoary matter is an efficacious 
manufe, much more fo than is commonly afforded by paring 
and burning. The alhes are more red and more fertilMng 
than allies of commoti turf, becaujfe tiiey contain moreifon. 

The fpontaneous fpringing up of white clover, in land oia- fniaee 
nured with thefeafises, is fimiiar to the fponUmeoiu growth of 
Uiis plant on heath land, which has been covered with lime fo 
deftroy M its prefent vegetation ; and this hSt thews that pro* 

^ UUy . 
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Explanition. bably thefe are feeds burkd in the earth for maAy ages« which 
yet remain aiivei bat do not grow until expofad to the fiid^ali 
of air. waletf calonlSc, and lifelefs animal, or vegetable 
matter. 

(To be concluded in our nexL) 


xn. 


Letter from Mr* Ac refpeStingan Error Jlated re exiji in 
his Prattival Cliemijiry, 


To Mr. NICHOLSON. 


SIR. 


Compton^ Street, Soho, 
Feb. 16. 1805. 


Omi/non ftated 
to be made in 
Accum's che> 
miftry. 


Paflage wVere 
the fuppofcd 
omiflion is 
found. 


vv . F. C. cenfures me in your Journal, No. 58, page 
105, of not having given in my book on TVaflical Chemiftry 

1 he means of preparing either nitric at id, or nitrate of potajh, 
or rather having fated them by mplication, as incapable if being 
produced by art** The fidelity with which you have laid his 
remarks before the public, encourages me to hope, that with 
equal impartiality you will allow me to appear before the famq 
tribunal, in order to plead to this accu fat ion not guilty. 
For the method of obtaining nitric acid from its conftituciU 
principles, W. F. C. may read in theVol. I. page 21 1. 

In order to let the judicious readers who are not in pofleflion 
of the work, judge for themfclves, I beg leave to lay before 
them the method there pointed out, which literally runs thus : 

Take a barometer tube, the diameter of nhich in about \pa)t 
of an inch. Shut one o^ its extremities with a cork, through the 
middle of which pajfes a /mail wire with a hall of metal at each 
end. Fill the tube with mercury and invert it into a bafon of this 
fluid. Throw up igito this tube as much of a mixture (f VIparU 
of fdtrogen gas, and 87 parts of oxigen gas as xtnll fill S itches. 
Through this gas by means of the wire in the cork pa/i a number 
qf ekStrie Jparks ; the volume of the gas ^gradualfy diminijhes, 
and in its place will he found nitrous acid/* • 


* Nitrous acid does not di€hr from nitric 4 cid^ In compofition. but 
mmly by the admixture of nitrous gas. See the book under con- 
fidefation, Vol. II. p. 281. ^ 


It 
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It appears that W. F. C. has not noticed theft lines* The 
prodtlAion ofnkric acid by fynthefis^ being here ctearfy ftaiad» 
his ftimadverfien ^ahtiee to that ftbjeft falls to the ground. 

Toekcqlpate myfelf from his farther accufation^nainely, of Other sspUaa- 
not having noticed the production of nitrate of potafti by arti- . ** 
ficial means, or ratlier having dated it by implication, will be- 
come equally erroneous,, on reminding him, that the method 
of preparing this fait artjficially is pointed out, Vol. IL page 
287, thus, ** Nitrate of potajh may be prepared by neutralizing 
carbonate cf potajk with nitric add 

From what has been dated, it is obvious that W. F« C/s - 
remarks are not correCt, for both the methods of obtaining ni- 
tric acid, and nitrate of potafh arc corrcClIy given, and not by 
implication, as W. F. C. apprehends. 

1 have the honour to be. Sir, 

Your\ 

FREDERICK ACCUM* 
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Proreffes for obtaining a durable and fltperior Lake from Madder. 

By Sir H. C. Englefield, M. P . F. H . S .^ 

TThE want of a durable red colour, which (hould poflefs IntroduCtlaa. 
fomething of the depth and tranfparency of the lakes made 
from cochineal, drd induced me to try whether the madder 
root, which is well known to furnidi a dye lefs fubjeCl to change 
by expofure to air, than any other vegetable colour, except 
indigo, might not produce fomething of the colour 1 wanted* 

Several of the mod eminent painters of this country have. Madder Islus 
for fome time, been in the habit of «fing madder lakes in oil 
pictures : but the colours they polTeded under this name were they w«v M* 
either a yellowilb red, nearly of the hue of brick-dud, or a 
pale pink opake, and without clearnefs or depth of tint, and 
quite undt to be uled in water-coloured drawing, which was , 

the principal object of my fearch. • 

My drd attempts were to repeat the procefs given by Mar- Margrars pra- 
graf, in the Memoirs of the Academy of Berlin : but the 

* From the Tranfa^liont of the Society of Arts, who voted the , 

gold medal in honour of this ditcovery. 1804. 


lour 
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lour produced by IhU niocfe wm of a pale red, and very opakOji 
aUbough the emineat author of the procefs fiatei the co^/;hp' 
produced Ip be that of " k fang enJUtmmS,^* whk^ pfobi^ljr 
meaos a deep blood colour. It may. bowever» be f^iervod^ 
that colours prepared with a bafis of alomloe will appear much 
deeper when ground is oil than they do in the lump# the oil 
rendering the alumine nearly tranrparent. This advantage is 
however, loft in water-colours. On examining the refiduum 
of the m^der root, after it had been treated in MargraPs me- 
thod. it appeared tinged with fo rich a red, that it was obvious, 
beeaufe noil ethat by far the greater part of the colour ftill remained in it. 
ra^n^^^the powerful and beautiful part. To extradl 

not* this, feveral ineffedlual trials were made, which it would be 

ufelefs to enter into; but. on attentively examining the ap- 
pearances which took place on infuiing the madder in water. I 
began to fafpedt that the red colouring matter was very little. 
Sde**^f*th** foluble in water, and that it was only mechanically 

coloun mixed with th^ water when poured onnhe root, and fufpended 

in it by the mucilage, with which the root abounds. 

A very fmall quantity, therefore, can be obtained by any in- 
fuhon or deco6tion. as the greater part finks down on the root, 
or remains with it on the fieve. or in the bag. through which 
^ence mecha- the infufion or decoction is pafTed tp render it clear. I there- 
advilaWef”^' ** induced io try whether, by fome merely mechanical 

means. I could not feparate the colouring matter fr4>m the fi- 
brous part of the root. In this attempt my fuccefs was fully 
equal to my hopes ; and. after feveral trials. I confider the 
procefs I am now about to defcribe. as the moft perfed 1 have 
been able to difcover. 

Procefs I. Procefs I. Enclofe two ounces, troy weight, of the ftneft 

Dutch madder, known in commerce by the name of crop 
pauuMina madder, in a bag. capable of containing three or four times 
fcagwiA a pint that quantity, and made of ftrong and fine calico. Put it into 
^ a large marble, or porcelain mortar, and pour on it about a 
pint of cold toft water. The Thames water, when filtered, 
is as good as o^n be ufed ; it being very nearly as pure as dif- 
tilled water, at leaft when taken up a very little way above 
London. With a marble or porcelain peftfe. prefs (he bag 
ilrongly in every dire^lioni and. as it were, rub and pound it 
as much as can be done without endangering the bag. The 
water will very foon be loaded with the colouring matter, fo 

v.as 
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to be quite opake and muddy. Pour off* the water, avid the v«t«r wtgo 
add another pint of ffetb water to the root, agitating and tri- U 
turaitng it in the manner before defcribed; and repfWt the off aa4 anochw 
operation till the water comes off the root very flightly tinged, ' 

About five pints of water, if well agitated and rubbed, will iora 
€*xtra£t from the root nearly the whole of its colour; and ifPive fueeefllvt 
the refidual root be taken out of the bag and dried, it will be 
found to weigh not more than five drachm*«, apothecarie<t ing drsms of 
weight; its colour will be a kind of light nankeen, or cinna- 
mon, and it will have entirely loft the peculiar odour of the ^ 
root, and only retain a ^int woody fmell. ^ 

The water loaded with the colouring matter, muff be put The coloured 
into an earthen or well-tinned copper, or, what is ffill better, 
a fflvcr vefle), (for the ufe of iron muff be carefully avoided 
through the whole), and heated til! it juff boils. It muff then 
be poured into a large earthen or porcelain bafon, and un ounce and one oi. of 
tioy weight of plum diflblved in about a pint of boiling 
water, muff be poured info it, and ftirred until it is thoroughly water atided j 
mixed. About an ounce and a half of a falurated folulion of *4 ^Vlk^affotl 
mild vegetable alkali lliould be gently poured in, fiirring the a precipi'ute of 
whole w’ell afff^the time. A contiderable eflervetcence will 
take place, and an immediate precipitation of the colour. The 
whole fliould be fuffered to Hand till cold; and the clear yellow 
liquor may then be poured off from the red precipitate. A 
quart of boiling foft water fliould again be poured on it, and 
well ffirred. When cool, the colour may be fepaiated from E<tulcoration, 
the liquor by filtration through paper in the iifual way ; and dry^f^ilfdld 
boiling water (hould be poured on it in the filter, till it pa ffes half an ounce 
through of a light draw colour, and quite fiee from any alka-®^ 
line taffe. The colour may now be gently dried ; and when 
quite dry, it will be found to weigh half an ounce ; juff a fourth 
part of the weight of the madder employed. 

By analyfis, this colour pofTeffes rather more than 40 per which conCalnt 
cent, of alumine. If lefs than an ounce of^tum be employed 
with two ounces of madder, the colour will be rather deeper; 
but if lefs than three quarters of an ounce be iifed, the whole * 

of the colouring matter will not be combined with alumine. 

On the whole, I confider the proportion of an ounce of alum 
to two ounces of madder, as the beft. ^ 

Proce/s 2. If, when the folution of alum is added to the Proesff a.* 
water loaded with the colouring matter of the root, the whole 

^ * be lufl'ered to cool 



wA fettle after 


pu&ABXji Vvptfftioa xrAjftft, 
be foffered to fiand, withoai the addition of the alkali^ aoen* 


eUfll?i^ord 8 precipitation will take place, which will be of a 4 vic 

a^fid ftdi- dull red. The remaining liquor, if again healed, wt]||,^fhe 
*eii«iiii- alkali, produce a rofe-coloored prebipitftte of 

Sng fluid if a beautiful tint, but wanting in force and depth of tone, 
heated and prc- This is the procefs recommended by Mr. Watt, In his 
alTaSJ^a/iforda a Eflay on Madder, iu the Annalt de chytme, Tomel ; and this 
flne but not latter colour is what may perhaps, with propriety, be called 
Lake. But, although the lighter red may be ex- 
cellent for many purpofes, yet I confider the colour produced 
^by the union of the two colouring matters, as given in the 
firft procefs, as far preferable foi general ufe, being of a very 
beautiful hue when ufed thin, and polfefllng unrivalled depth 
and richnels eitlicr in oil or water, when laid on in greater 
body. 

f.ef 8 alumcaufcs If but half an ounce of aliun be added to the two ounces of 

precipitate will be nearly finiilar to that 
left in quantity, when an ounce is employed ; but flic fecond, or lake pre- 
but richer. cipitate, will be lefs in quantity, and of a deeper and richer 
tint. In this cafe the whole of the colouring matter, as be- 
fore obferved, is certainly not combined wiih*(ie alumine ; 
for, on adding more alum to the remaining liquor, a pre- 
cipitate is obtained of a light purplifh red. In this procefs^ 
when two ounces of madder and an ounce of a!um are ufed, 
the tirfl precipitate has about 20 per cent, of' alumine, and 
the fecond, or lake precipitate, about 53 per cent ; but ihcfo 
* proportions will vary a little in repetitions of the procefs. 

Procefs 3 . When Procefs 5. IF the madder, inflead of being wadied and 
the wathing is triturated with cold water, as directed in the foregoinif procefs, 

performed by , , r ...... . 

boiling inflead be treated in exactly the fame manner with boiling water ; the 
of cold water, colour obtained will be rather darker, but fcarcely oF fo good 
■ehher^^fogood ^ refiduum oF the root, however carelully prelfed 

nor ft plentiful, and waOied, will retain a itrong purplifh hue; a full proof 
that feme valuable* colour is retained in it, probably fixed 
in the woody fibre by the a^ion of heat. Mr. Watt, in his 
excellent treatife on madder above mentioned, obferves^ 
that cold water extracts the colour better than hot water ; and 
1 have reafon to fufpe^l, that a portion of that colouring 
matter, lyhich produces the bright red pigment, diflinguiflied 
before by the name of Madder Lake, remains attached to 
the root, when aded on by boiling water. 


Pfwfft 4 . 
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Procefs 4. If to two ounces of madder, a pint of cold w^ter Procefa fifths 
be added, and the whole be fuifered to fland for a few days 
(three or four days) in a wide-mouthed bottle, lightly corked^ befbts wiihlRa 
in a temperature of between 50^ and 60®, and often fliakeli j 
a flight fermentation will take place, the ini'iifion will acquire mucilage U de* 
a vinous I'nicII, and the mucilaginous part ol the root will be 
in a great degree deflroycd, add its yellow colour much lef- colpur more 
fened. If the whole be then poured into a calico bag, and eafity extmdledi 
the liquor be fuifered to drain away without prefliirc, and ' ** 
then the root r;emaining in the bag be treated with cold water, ^ 

&c. exactly as diredted in the fit ft procefs, the red colouring 
matter will quit the root with much greater eal’e than belbie 
fermentation. It will alfo be equal in quantity to that aftbrd- 
ed by the firft procels, but ol a much lighter red. 'J'his dif- 
ference of tint appears to be owing to a deftrudion of a 
part of the lake by the fermentation of the root; fi)r if the 
colours from the fennentc^d root be obtained feparate, as in 
Procefs 2, the firft precipitate will not fenlibly differ from 
that obtained from the unfeimenled madder, but the fecond, 
or lake will be of a very light pink. I'hu proccr, then, is 
not to be recommended. 

Spanijh and Smi/rna Madders. 

Spanifli IVIadder affords a colour of rather a deeper lone Spanifly ma449r 
than the Dutch Madder, but it does not appear to be of lo 
4)ure a red as the Zealand Crop Madder. coloui than 

The Smyrna Madder is a very valuable root. Thu colour 
produced from it b) Piocefs J, is of a deeper and i idler lint h brtter than 
than ail) I have obtained from (|ie Dulcli Madder. The 
quantity produced fiom two ounces, is only three drachms, 
twenty-four grains : but this is not to be wondeied at ; for at 
this madder is imported in the entire root in a dry ftate, and 
the Crop Madder of Zealand coniifts principally of the bark, 
in which probably the greateft part of the colouring fubftanco 
refides, there is every reafon to think that the Smyrna madder 
really contains a greater proportion of colour than the Zealand, 
in equal weights 9 f the entire root. 

The produdls of Procefs 2 prove, that the lake of tko 
Smyrna madder is more abundant in quantity, and of a richer 
tpne than that of tlie Dutch root; for, from two ounces of 
Dutch , madder the firft precipitate was two drachms^ and the 
lak^ two drachms and forty eight grains; whereas, from 
4 two' 



BVILABL9 AITB tUFBRIOR LAKE* 


m 

iwo onticei of the Smjrnil root the firft precipitate wai oite 
drachm and twentjr four grainni and the lake wan two dradufeit 
and twenty* four grains. The proportion of the lake to die 
other colour is, therefore, much higher in the Smyrna, dian 
in the Dutch root. 

Frejh Madder. 

Thcm^trftot colour may be prepared from the recent root ; and it 

will be of a quality equal, if not fuperior, to any other. The 
difficulty of procuring the frefh root has prevented me from 
making as many experiments on it as I could have withed. 
I procured, however, a fmall quantity of the beft roots packed 
in mofs from Holland, and the following procefs anfwered 
perfectly well. 

Xxpedfnent ac- Eight ounces of the root having been hrft well waflied and 

oriiagfoprmft cleaned from dirt of all kinds, were broken into fmall pieces, 
l^withfreik , , , . , „ / 

mMer j and pounded in a bell-metal mortar, .with a wooden peltle, 
till reduced into an uniform pafle. This pade being enclofed 
in a calico bag, was wafhed and triturated, as deferibed in 
the firft procefs, with cold water. About five pints feem to 
have ext rafted nearly the whole of the colour. To the water 
thus loaded with colour, and boiled as before, one ounce of 
alum, ditfolved in a pint of boiling water, was added, and 
very fuccefsfiil. the alkali poured on the whole, till the tafte of the mixture 
, was juft perceptibly alkaline. The colour thus obtained, 

when dry, w'as of a very beautiful quality. 

Itpromifei The ^cefs of this experiment, which was twice repeated 
aruT^*** with the fame refill t, has Jed me to hope, that it is not im- 
poffible (hat the mode of obtaining the colour from the frefh 
root here deferibed, may be produflive of advantages for 
more extend vc ufe than j^liad in view when firfl 1 attempted 
to obtain a pigment from madder. Many (rafls of land in this 
country are as well adapted to the growth of this valuable 
article, as the foil of "Holland can be ; and the cultivation of 
it, which has more than once been attempted to a confidcrable 
* extent, ^bas been laid afide, principally from the expence at- 

lendakit on the erection of drying-houfes and mills, and the 
great expence and nicety requiflte for conducing the procefs 
For if the colour of drying. But ftiould the colour prepared in the m<^e juft 
deferibed, Be found to anfwer the purpofes of the dyers and 
would fovc dry- calico-printers, the procefs is fo eafy, and the apparat^re* 
lagandctfriagei quill'd 
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qoired for it fo little expenii ve, , thst it might be in the power 
^ any grower of the root to extraa the colour: befidei 
wMcii, another great advantage would be obtained; the* 
coloor thus feparated from the root, may be kepi any length ^ 

of time, without danger of fpoiling, and its carriage would ' 

be only one fourth of that of the root. I am, moreover, 
thoroughly inclined to believe, that in the prefent mode of 
uiing the root, a very confiderable part of the colour is left in 
it by the dyers ; and, (hould this prove to be the cafe, an ^ 

advantage much greater than any hitherto adverted to, may 
arife from the procefs here recommended. 

Should it be attempted to obtain the colour from the frcfti 
root, on an exlenfive fcale, I fliould recommend, that the 
, root be firfi reduced to as uniform a pulp as poflible, by grind* madder colojur* 
ing or pounding. To this purpofe, it ih probable that the 
c}der-mill would anfwer perfectly well; and its extreme 
fimplicity is a great recommendation. For the purpofe of 
trituiation, bags of woolen, fuch as arc ufed in the oil-mills, 
would probably anfwer as well as calico, and they would be 
much cheaper and more durable. A large vat, w'ith ftamper^^ 
would be eafily confiruded, by thofe who are converfant in 
mechanics, for the holding them and prefling them in walei ; 
and when the colour was boiled and precipitated, the flues 
of the boilers might eaflly be formed into convenient drying 
tables, without any additional expeiife of fuel. The part of 
the procefs, which I coniider as of the greatefl importance, 
and as being the efTential advtwitage of my method^wer all 
thofe wliich have come to my knowledge, is the 'ti9^aUoii 
or prefling of the root in water; and 1 believe that the 
colouring matter of the root has not been hitherto confldered 
as fo nearly infoluble in water, as I have reafon to think it is. 

It were much to be withed, that ki the prefent ad%’anced We want a good 
flate of Chemiflry, fome Ikilful analyfer would inveftigale 
the pioperlies of this very uleful root; in which perhaps it 
will be found, that there are three, if not four, diflerent 
colouring fubftances. Such are the procefles and views, ^ 

which 1 have thought it not improper to fubmit to lh« con- 
ii deration of the Sbeiety of Arts, &c. 

I have only now to deferibe the fpecimens which acCom- The fpeciment 
p«njr this paper ; afluring the Societjr, that they have been all 
prepared by my own hands entirely^ and that 1 am therefore 
. refponfibte 






Tcfponfibb for, their . b^vtng been produced by tb6 proceffitfs 
ilBtedt without the addition of any foreign maUer tehateverf 
excepting the cake ground up with gum, and the £^la^i4<Kr of 
oil-coloar, which were prepared from the coloiur whifii l^jj^e 
him, by Mr. Newman, of Soho-Square, whofe fttlt^and 
fidelity are too well known to need any lettimony in their 
favour. 

It may be proper to add, that all the colours produced from 
the Dutch madder were prepared from the fame parcel of crop 
madder, in order that (he differences in them might proceed 
from the procetTcs, and not from a variation in the qualities of 
the root, which, in different fpecimens, will produce differ- 
ent (hades of colour under the fame mode of treatment.**^ 

1. Dutch madder, treated by procefs iff. 

2. Ditto - - - - procefs 2d. 

3. Ditto - - - - procefs 3d. 

4*. Ditto - - - . procefs 4th. 

5. Dutch madder, two ounces*; alum, half an ounce ; 
treated by procefs 2. 

o’. Dutch madder, two ounces; alum, one ounce; fer- 
mented two days, and then treated by procefs 2. 

7. Produce of procefs 1, ground in gum by Mr. Newman. 

8. Produce of procefs 1, ground in oil by Mr. Newman> 

S — 1. Smyrna madder, by procefs 1. 

S — 2. Ditto - . - procefs 2. 

• S — 3. Ditto - • - - procefs 3. 

S — 4. Ditto - . - procefs 4. 

Certificates accompanied the foregoing defeription, from 
Mr. Cotman and Mr. Munn, teffifying the merits of Sir H. Engle- 
field's madder lakes, asiwater colours; and alfo, from Meifrs. 
Weft, Trumbull, Opie, Turner, Daniel, and Hoppner, fpeak- 
ing greatly iu its favour, where it has been tried in oil-colours. 


7i< 
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XIV. 

Tifce Putch Method qf curing Herrings^ extracted and tranfiated ^ 
from the German of Krunit%*e Economical Lncyclopadia 
{Oeconomifcbc Encyclopadie), Article JJaring, bi^ J. 

H INCKLEYj Efq, F, S. A,* 

X 

A HE veflTels employed in this fiftiery, commonly called lier- Dutch inethodi 
ring-buiFes^ from the Dutch name, are generally between 48 
and 60 tons burthen, though fome from -10 to 80 and 100 tonsrin^^i. 
are ufed. The largetl of alt carry 120 tons, are three-raafied 
vefTels, with one deck, and a cabin at each end ; that a-head 
ferving as a kitchen. Of the larger, the crews are 2t men, 
thofe of the fmaller 18. Tltey carry a few (mall guns and 
inufquetry. 

Their nets are dipped, or cad out, in the evening, and 
drawn up in the mornmg. It require.s three hours to wiud 
them on boaid. From the net, the fifli are immediately put 
into batkets, while others of the crew are occupied till even- 
ing in gliding, falling, and packing. But although from ten 
to fifteen lad are fometimes taken at a draught, the twelve 
pcrions uiually employed for the purpofe, cannot complete 
more than five lad in a day. 

During the three fird weeks, from the 25th of Junc'fo the 
16th of July, all the frefti-caught herrings are thrown into 
caflvs without picking, and ‘conveyed to Holland, in tiie 
jageii:, or yachts f, that accompany the herring-bufwt But, 
after this period,* immediately on being got on board and 
gutted, tliey are an’orled into three qualities, — maiden her- 

* F i-Dm the Tranla6tions of the Socioty of Arts, who have pub- 
liflied it for the infoimation of our dfhers in North Britain, who 
appear to be well at quainted with the treatment from catching 
and landing, but not with the fubfequent prorclTcs. Mr. Waller 
Baine, of Greenock, had the Society's filver medal for this obje^ 
laft feafun. 

f Thcfe are fmall faft-diiling veffels, which follow the hterring- 
bulTes, fupply them with provifions, calks, fait, and other need- 
laries, and carry the filh that have been taken to the neared port, 
where they are re-packed, and prepared for lending to the places 
of their dedination. 


rings 
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fing9, fall hemki|f»» and fbot lierringf. The firft of fhefe are 
Ihol® taken earlieft, atid without row or inelt^ but which, 
though well flavoured, do not keep. Full herrings are tkofe, 
taken at A^idAnnmer, on the point ot fpawnfhg; from whkl 
the bratid*Herrings, To called from the barrels being marked 
with a hot iron, only differ in being caught later, re>packed 
immediately on arrival, and fo ctofe and hard prefled down, 
that they do not require re-packing at other places, but only 
new pickle ; and are immediately expedited, or may remain 
* on hand : whereas the other two forts, not being fo clofely 

laid, mull abfolutely be re* parked. Shot-herrings are thofe 
which have fpawned, or are taken in the ad of fpawning, in 
confequence of which they are thin and lean. 

With the lafl two forts the bufles themfelves return (as fooa 
as they have got their loading, or find no more flfh), one 
after another, to port, where all three forts, except the brand- 
herrings, before being expedited, are opened, failed anew, 
re-packed, and fo heaped up, that fourteen cafks are re-packed 
in twelve, which make a lafl. By a regulation of the States- 
General, this re-packing muft be performed in the open air, 
where Arid watch is kept, that the fpoiling fifti be carefully 
feparated from the good, and the latter properly laid in the 
barrels, and flrongly prefled clown. 

The Dutch fifliery continues generally from twenty to 
twenty-fix weeks, or even fomewhat longer, namely, from 
the 25th of June to the middle of January. The Dutch fifh 
only on the Scotch and Englifh coafls, off Hittland, Fairhiil, 
and Boflken, from Midfummer till the 25th of July ; ofTBocken 
or Serenial, from thence till the I4th of September; and in 
deep water, £aft of Yarmouth, and as far as tiie mouth of th^s 
Thames, from thence to the 25th of November, when (lie. 
regular fifhery ceafes. Sut herrings are found not from 
Yarmouth till the end of January, after which the flfhery is 
prohibited, as the fpawning feafoh then commences. 


CTq be continued,} 
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, ARTICLE t. 

A Jhort AccoutU qf Hit Caujk of the Dijhafe in Corn, called hy 
Farmers, the Blight, the Mildew and the Rujt, Reprinted, and 
the Plates copied, with Penmfftan, from a Metnoir commu7u- 
cated hy the Right Jlon, Sir Joseph Bank Bart, P, R, S, 

^c. i^c, With fame additional Notes,* 

fioTANISTS have long known that the Blight in Corn isBobahfei Km 
occafioned by thu^ growth of a minute parafitic fungus or muih* b^htta ^ 
room on the leaves, ficins, and glumes of the living plant, csufed by i mI« 

Felice 

fangui g 

* Immediately after the title in the original is the following pre^ 

Fatory note : 

** The following brief Publication, fugcrelted by the alarming 
Aate of the haiveil in Auguft laA, wc^ld have been diftiibuted 
** before the end of wheat feed-time, had the engraver ful/illed his 
** engagement. 

** This circumftance will, it is hoped, be codAdfred as a fufficient 
apology for the want of aRual obfervations on the origin and pro- 
** greiOi of the di/eafe. Thcfe it is piefumed will be abundantly 
** fopplied in the epurfe of the preibnt year, by tbofe,iiibifljigsilt 
** agricttlturifts^ whofe refidence in the country enables tbeui ilAily 
to cxAininCi not only thr progyefs of their crops^ but the origin 
an^ advances aUo of all thofe obftacleswbidi natufd has oppoled 
to the (uccefs of agricultural laboUrsi as if to awaken the ener* 
Vi)t..5f.-Apait, lb05. CL 
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Felloe Fontana poWiflied in the year 1767 an dalMimte ac« 
count of ihh mifchtevoas we6d/ with microftopie figurelC 
which give a ^lerable idea pf itE%in ; inoiys modern bo- 
tanifist havei|^veiirj%ures both of teirn mnd d grafs aiTedpd 
by it, but have not ufed high magnifying powers in their re* 
fearches, 

hvtigncuiconfts * 4gwuUuri&s do not appear to buvn paid,, on thh headi 
to'Siis attention to the difcovertes off tbdir f6ileWi>tii^0urerf 

Ii£|. in the field of nature; for though fcarce any Englifh writer 

of note on the fubje^ of rural economy has failed to ilate his 
opinion of the origin of this evil, no one of them has yet attri- 
buted' it to the real caufe, nnlefs Mr. Kirby’s excellent papers 
on fomc difeafes of corn, puhljfhec} in the Tranfadlions of the 
Linnoean Society, are confidered as agricultural eflays. 
EagtaTlngi of account it has been deemed expedient to offer to 

4eftru£live the contideration of farmers, engravings of this dedruflive 
curate XTwings made from the drawings of the accurate and ingenious 

b| Mr. Bauer Mr. Bauer, Botanical Painter to his Majefty, accompanied 
explanation, from whence it is prefumed an attentive 
atim« reader will be able to form a corre^ idea of the fa£ls intended 

to be reprefenled, and a juft opinion whether or not they 
are, as is prefumed to be the cafe, correal and futisfti^ory. 
Organised ftruc. In order, however, to fender Mr. Bauer’s explanation tnoire 
SctM io he underftood, it is necelTary to premife, that the 

In futcs or ftriped appearance of the furface of a ftraw which may be 
mutht, fluit b feen with a common magnifying glafs, is caufed by alternate 
vet^esSI^ longitudinal partitions of the bark, the one imperforate, and 
the other furniftied with one or two rows of pores or mouths, 
fhut in dry, open in wet w*ealher, and well calculaled^to imbibe 
fluid whenever the ftraw is damp. { 

®y 

gie« of restfon, and to reward the fanner for the nertioni 9 f hit 
*' inteileftual faculties^ by the fatiifadlioii of furmotinttng thenia'* 

Jan. awh, 1805.’' •« jQij. BAHItS.” 

• ••^OTeryaaipni fopra la Ruggine del Gmo. Lucca, 1767, Sw. 

f ^!3Whjr’* EngliA Fungi, Vol. 11. Tkh.UO, Wheat T$b. 136. 

roe'aopa^. 

thaMtei I or n^tht j^qilar to theft aci pl^ by nature on Ae 

nMofti on die ^^«ee th« le»7et(, brBneh5e, and ftm, ah perftft jdi^te, a 

JVPVifion intended no dopbt to compen^, in Ohim ' the 

eWeeb aBeiftate..**^ loco'iuotion .m vegctaUet. plaot cannot wkn 
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ky tlmib pomi wbich eaift alfe «a thci letm $a4gliaiM% k 
vf fMafttined^ IImU the feeds of the fiii^ui gniii adoiiftap* 
at the boltom of the hollows to which they !ead» (bo Fialo |Ki * 
ilf. l» 2»] they gorminala and pub their mmate^rooti;i AO 
doiibt (though thofe have not yet been traced) into the ceUolof If 
texture beyond the bark, where they draw their nouriftimoat, 
by intercepting the bp that was intended by nature for feethTnoiS^^ 
nutriment of Iho grmt the corn of coarfe be«x>mes IhriveQed I 

in proportion as the fungi "are more or leb numerous on the abftrtftlAiW 
plant ; and as the kernel only is abftraAed from the grain, kerasU 
while the cortipal part remains undtminilhed, the proportion 
of jiour to bran in blighted corn, is aways reduced in the 
fame degree as the corn is made light. Some corn of this 
year’s crop will not yield a (lone of flour from a fack of wheat; 
and it is not impolflble that in feme cafes the corn has been The dear anw 
fo completely robbed of its flour by the fungus, that if the ^ 
proprielor (hould choofe to incur the Cxpenfe oF thralhing and cepted. 
grinding it, bran would* be the produce, with fcarce an atom 
of flour for each grain. 

Every fpecies of corni properly fo called, is fubjed to the All com ialiebfo 
blight; but it is obfervable that fpring corn b lefs damaged 
by it than winter, and rye lefs than wheat, probably becaufe it than wi^/anl 
is ripe and cut down before the fungus has had time ^ to ^kaa 
increafe in any large degree.-*-Tull (ays that while cone or 
** bearded wheat, which bath its ftraw like a rufti full o( pith, 
is lefsfubjefl to blight than Lammas wheat, which ripens a 
week later.” See page 74. The fpnng wheat of Lincolnthire Hiftstlcd fsAs* 
was not in tbeleaft (lirivelled this year, though the draw was in 
fome degree infeAed : the millers allowed that it was the beft 
fample brought to market. Barley was in fome places con* 
iiderably fpotted, but as the whole of the (lem of that grain 
is naturally enveloped in the bofe or baits of the leaf, the 
fungus can in no cafe gain admittance to the (Iraw ; it is how* 


go to the brook and drink, but it can open innumerable oriflces for 
^e reception of every degree of moifture, which cither falls in the 
impe of tain aiki of dew, or is feparated from die mafs o£ witct 
always held in foludon by the atmofphere; it fcldom happena in ibt 
drieft feafon, that die night does not atford fome refreflimeat of this 
ktn4» to rcAore the moifture that bu been axhaufted by tha healeof 
the feteedingday. 

^ 2 CTOt 
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; *i«r t0 4lMerv<Mi iNirMtfirM frM th^iNiai^ligiito iM 
" yesr thin #«s-«x|ieAtd Irom iffe wpfemim crtop «l»i| 

/> gathered im . 

ti0t inr^nia- TMmgh diUgaiit etiifiilry ms oiade^ariag the hft aiiteePf 

* of impofCance rehtlae to Ae oi^ or ifce 

' . ; pfogrefs of ibe blight coutid be obtamed: this is not to4ia 

v^jdered at$ for as no one of the peribns applied to trad aiyr 
knowledge of the real caofe of the malady^ none of Ihom 
oooid direct their curiofity in a proper channel. Now that its 
S^cirod. nature and caufe have been explained, we may reafonably 
expert that a few years will produce an inierefting colleAIon 
of faAs and obfervations^.and we may hope that Tome progrefs 
will be made towards the very dcfirable attainment of either 
a preventive oc a cure. 

fMgptft of the It Teems probable that the leaf is firft infected in the fpring, 
kdSftten. Q|. early jj, j|,e funsmer, before the corn Qioots up into 
ilraw, and Chat the fungus is then of an orange colour $* after 
the ilraw has become yellow, the fungus affumes a deep cho* 
colate brown : each individual is fo fmall that every pore on 
< * a draw will produce from 20 to 40 fungi, as may be feen in th^ 

plates, and every one of thefe will no doubt produce at lead 
lacreafe of the 100 feeds; if then one of thefe feeds tillows out into the num^ 
plants that app^r at the bottom of a pore in Plate IX. 

’ Ftjr, \, 2. how incalculably large mud the increafe be ! A few 
difeafed plants fcaltered over a held mud very fpeedily infe6I 
a whole neighbourhood, for the feeds of fungi are not much 
heavier than air, as every one who has trod upon a ripe puff* 
ball mud have obferved by feeing the dud, among which is its 
feed, rife up and float on before him. 

and Its periods liovv long it is before this fungus arrives at puberty, and 
ot generation fcalters its feeds in the wind, can only be gueifed at by the 
very quic . analogy of Olliers ; proWbly the period of a generation is 
Ihort, poflibly not more than a week in a hot feafoo : if fo, how 
frequently in the |aUer end of the fummer mud the air be 
loaded as it were with this animated dud, ready, whenever a 

* The Abbe Teffier, in bis Traite Maladies dss G^amSf ttHs 
ns that, in Franco, this difeaftidrft ihews itiblf*in minuisrpott of a 
dirty white Colour on the leaves and ftetns, whkh fpots extend them- 
iblves'by degrees, and in time change to yellow, and throw off a dry 
orange coloured powder. ^.201, 340« Note of B « . 

' ^ gentle 
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^ itttriHie Hfrff Into Mt« pom^of tkou&nda of wm of cw#» 

£rovidenoO| honrever^ careful of (he ercalures it has crcaiocii there were at 
Im benovdAently againfl the too extetifive mullipllt 

cation of any fpeoies of being | was it otherwifei the lOmute the 
plants and aniwalsi enemies againft Which man has the feweft 
means of defelieep woiikl increafe to an inordinate extent; this laMer 
however^ can in no cafe happen, unlefs many predifpofing 
caufes afibrd their combined affiftance. Bat for this wife and ^ 
beneficent provifion, the plague of fiugs, the plague of mice, ^ 

the plagues of grubs, wire-worms, chafers, and many other 
creatures whofe power of multiplying is countlefs as (he fandi 
of the fea, would, long before this time, have driven mankind, 
and all the larger animals, from the face of the earth. 

Though all old pcrfons who have concerned ihemfelves in The bUght 4ois 
agriculture remember the blight in corn many years, ^ 

have fuppofed that of late years a has matcriailyincreafed ; Ute y«ar^« 
this however does not (eem to be the cafe. Tull, in his Horlei- 
hoeing Hufbandry, p. 74', tells us, that the year 1723 was a 
f* year of blight the like of which was never before heard of, and 
which he hopes may never happen again yet the average 
price of wheat in the year 1726, when the harveflof 172 j was 
at market, was only 36 j. and the average of the 6ve years 
of which it makes the firfl, 37s. 7d.— 1797 was alfo a year of 
great blight; the price of wheat in 1798 was id. and the 
average of the five years, from 1796 to 1799, 63 j. 5d.^ 

The climate of the Brjtifh Ifles is not the only one that is The blight In 
liable loathe bl/giit in corn; it happens occafionally m every part 
pf Europe, and probably in all countries where corn is grown* countries. 


* The fcarcity of the year 1601 was in part occaQoned by a milv 
dew whicln in many places, attacked tKe plants of wheat on thg 
S.£. fide only : but it was principally owing to the very wet barveft 
of 1600. The deficiency of Wheat,' at that harveft, was found, on 
a very accurate calculation, fomewhat to exceed one fourth. But 
wheat was not the only grain that failed : all others, and potatoes 
aVo were materially deficient. This year the wheat is pmhabljr 
fomewhat mpre daipi^d than it sras in ISdo, and barley Jbmciiyhat 
lefs than an average crop* Every other article of agricultural food 
is abundant, and potatoes one of the largeft erbps that has bsen 
known. But for thefe blelfingt on the labour of man, wheat miift 
{before this time have reached an exorbitant pdee^^^ir 7* 

9 Italy 
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Italy if very fuljeiA to it» and the laft barveft of Sicify hit 
been inalerially hurt by it. S]^imens received from (he 
' colony of New South Wiles thew (hat confiderable mifcliief 

was done to the wheat crop there in (he year 1 805 by a paca^ 
litic plant, very fimilar to the Englilh one. 
demtaon efinlon It has been long admitted by farmers, though fcarcely ere* 
botanifts, that wheat in the neighbourhood of a bar* 
*1} berry buth feldom efcapes the blight. The village of Rollefhy 
jn Norfolk, where barberries abound, and wheat feldom fuc- 
^ * ceeds, is called by the opprobrious appellation of Mildew 

Rollefby, Some obferving men have of late attributed this 
very perplexing effedl to (he farina of the flowers of the bar« 
berry, which is in truth }e!low, andrefembles in fume degree 
the appearance of the rufl, or what is prefumed to be the 
blight in its early (late. 

The barberry ft however, notorious to all botanical obfervers, that the 
leaf » very fub^ leaves of the barberry are vefy fubic6l to the attack of a 
Ibngusj' yellow paratitic fungus, larger, hut otnerwife much refembling 
the rufl in corn. 

which may be Is it not more than poflible (hat the parafitic fungus of (lid 
twfenred to barberry and that of wheat are one and the fame fpecies, and 
that the feed transferred from the barberry to the corn is one 
caufe of the difeafe. Millet oe, the parafitic plant with which 
we are the befi acquainted, delights mofi to grow on the apple 
and hawthorn, but it flouriflies occafionally on trees widely 
differing in the«r nature from both of ihefe: in the Home Park, 
at Wiiidfor, mifietoe may be feen in abundance on the lime 
trees planted there in avenues. If this conje6lure is founded, 
another year wdll not pais without its being confirmed by the 
oblervations of inquifitive and fagacious farmers, 

Conjedurea dl- It Would be prefumpt^ous to offer any remedy for a malady, 
re^ed to remedy, the progrefs of which is fo little underflood; conjeflures, 
however, founded on the origin here affigned to it, may be 
hazarded without offence. 

Probable faft aa It ts believed * to begin early in the fpring, and firfi (o ap- 
^pcwaace!^ pear on the leaves of wheat in the form of rufl, or orange- 
coloured powder 3 at ibis feafon, the fm^us will, in all pro« 

* This, though believid, is not dogmatically aflerted, beeaudi 
Fontana, the befl writer on the fubjeA, afferti that the yellow aad 
the dark-colomed blight are diflcient fpecies of fungi. 

ifobiljty. 
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reqaiff «t mimy weeki hr ils prcyreftt from infilncy 
lo puberty os H does Itays dikrii^ the b<|^s of autonin ; bot o 
tery ibw plants of wiieat* thus infe^ed, are qdite faffideiit if 
the fungus is permitted to ripen Hs feed^ to fpread tlie matidy 
oi^er a fields or indeed over a whole parifh. 

The chocolate-coloured blight is little obferved till the com The chocohUa 
is approaching very nearly to ripenefs; it appears then in 
field in fpots^ which increafe very rapidly in fize, and are iti frtftti esift£ ^ 
calm weather fomewhat circular, as if the difeafe took {isP«*^«f the 
origin from a central poiition. 

May it nut happen then, that the fungus is brought into the whence itmty 
field in afewftalks of infeAed ftraw uncorrupted among 
mafs of dung laid in the ground at the time of fowing? it infeaed Orewia 
niuft be confefledi however, that the clover lays, on which nothtaianurej 
dung from the yard was ufed, were as much infefted lad 
autumn as the manured crops. The immenfe multiplication 
of the difeafe in the laft feafon. Teems however to account for 
this ; as the air was no doubt frequently charged with feed 
for miles together, and depofited it indifcTiminatbly on all 
forts of crops. 

It cannot however be an expenfive precaution to fearchand may, it Is 
diligently in fpring for’ young plants of wheat infeAed ''^*1** 
the difeafe, and carefully to extirpate them, as well as all by estir^tlni 
graflTes, for feveral are fubjed lo this or a (imilar malady, 
which have the appearance of orange-coloured or of black 
dripes on their leaves, or or their draw ; and if experience 
(hail prove that uncorrupted draw can carry (he difeafe with 
it into the field, it will cod the farmer but little precaution to 
prevent any mixture of fredi draw from being carried out 
with his rotten dung to the wheat field. 

In a year like the prefent, that offers fo fair an opportunity, Whethtr KHfht* 
it Will be ufeful to obferve attentively krhether cattle in (he draw ^ 
yard thrive better or worfe on blighted Chan on healthy draW. thsn detn tba«b 
That blighted draw, retaining on it the fungi that haverobb^f®'®®*^ ^ 
the corn of its floitr, has in it more nutritious matter Ihuti 
de^n draw which has yielded a crop of plump grain, catfhdt 
be doubted; the quefiion is, whether this nutrimeahin the 
form of fungi ddbs, or can be mKde to agree as wdi With' the 
Itom^chs of (beimhnals that confatne it, u k would do in th|t 
of flfaw aid com. 
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^ . It cannot be ieppcpiifr m Wa place to reneek^ lhat 

i^^ordUt^ the feccU of wheats remlered, by the ^^hauffing fwpatif 
flottri they are tbo fungtis^ fo lean flirt veiled that fcaroe aay^ flour flt 
Swing a?ThV°*^ fpr the inanu&dufe of bread can be otbiained by grind^ 
plttmpeftlamples$thein, thefe very feeds will, except^ perhaps^ in (be very wbrfl 
cafes anfwer the purpofe of /eed corn as well as die fdirefl 
and plumpeft faoipie that can be obtained, and, in feme 
and are much refpeds better; for as a bufliel of oliucb blighted corn will 
contain one-third at lead more grains in number than a bu(hel 
neafure. plump corn, three bufliels^of fuch corn will go as far in 

Towing land, as four bufliels of large grain. 

The flour In the The ufe of the flour of corn in furthering the procefs of vege- 
^lir****? .. t^tion, is to nourifh the minute plant from the time of its 

to lio^rifli the ocvelopement till lU roots are able to attract food from the 
manured earth; for this purpofe onMenth of the contents of 
a grain of good wheat is more than fuflicient. The quantity of 
flour in wheat has been increafed by culture and management 
calculated to improve its qualities fos the benefit of mankind, 
in the fame proportion as the pulp , of apples and pears has 
been increafed by the fame means, above what is found on ihj^ 
w'ildings and crabs in the hedges. 


It is a wafleful 
pndtioe to cake 
the plumpeft 
grain for feed. 
The fmalleft 
though unfle for 
the mill are 
equally good for 
this ufe. 


Anangement of 
the giains in an 
car wheat. 
The bwerones 
fufijply the moft 
4»od, but the 
uroerare not 
vmior as feed. 


It is ciiflomary to fet afide or to purchafe for feed corn, the 
boijefl and plumpefl famples that can be obtained ; that is, 
Ihofe lliat contain the mofl flour ; but this is unneceflary waf^e 
of human fubfiflence ; the fmallefl grains, fuch as are iificd 
out before the wheat is carried to market, and either con- 
fumed fn the farmer's family, or given Ip his poultry, will be 
found by experience to anfwer the purpofe of propagating the 
fort from whence they fprung, as eflc’6(ually as the largefl. 
Every ear of wheat is compofed of a number of cups placed 
alternately on each flde of the draw ; the Lower ones contain, 
according to circum fiances, three or' four grains, nearly equ^l 
in fize, but tow aids the top of the ear, where the quantity of 
nutriment is diminiflied' by the more ample fupply of thofe 
cups that are neareV the root, the third or fourth grain in a 
cup is frequenijy defrauded of Us proportion, and becomes 


^ 8Q grains of the moft bb'gbted wheat of the laft year, that 
could be obtained, were fown in pots in the bot-heufe ; of thc^, 
leventy-two produced healthy plants, a lois of 10 per cent, only^ 

flirivelieti^ 
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Mwl <foaU» Tbefe f»i«lt gmm, which m reJeiSlcd 
>y 4lie miller^ hecmf$ Ihey do not coiitftin floor enough lor 
bis purpofe^ have neverthelefs an ample abundance for a|l 
purpofes of vcgetatienj and as full)' partake of the lap, (or 
Mood, as we fhould call it in animals/) of the kind which pro- 
duced them, as the faireft and fulled grain that can be ob- 
tained from the bottoms of the lower cups by the wallei'ul 
procefs of beating the ihuaves. 


EXPLANATION Of THE PIRATES. 

Plate IX. 

/%. 1. A piece of the infeflcd wheat draw — natural fixe: 
at a the leaf flieath is broken and removed, to d;cw the draw 
which is not jnfeded under it. 

Fig, 2. A highly magniiiud reprefentation of the parafitic 
plant which infedts the wheat : ri in a young date ; b full grown ; 
car.e two plants burding and flicdding their feeds when undr.r 
water in the microfeope ; d tv\u plants burd in a dry date; 
e feems to be abortive ; / feeds in a dry date ; g a (mail part • 
of the bottprn of a pore with' Tome of the parafitic fungi grow* 
ing upon it. 

Fig. 3. A part of the draw fig, magnided. 

Fig. 4. Part of fig i zi a b more rnagiiided. 

Fig, 6. Part of a diaw (imilar io fig, 3, but in its green datCj 
and before theparaiitic plant is quite ripe. 

Fig* 6. A fmall part of the fume, more magnified. 

Plate X. 

» 

Fig. I. A highly magnified Iranfoerfe rutting of the draw, 
correfponding with Fig, 4, Plate I. (hewing the infertion 
|he parafite in the bark of the draw. 

fi^. 2, A longitudinal cutting of the fame; magnified to 
the fame degree. « 

Fig, 3. A fmal^ piece pf the epidermis of u draw. Chewing 
^e laVge pores which receive ibe feed of the para&e ; thp 
jm^ler fpots obfervable on the epidermis, are the bafet of 

hairs 



»IAVCLBS. 


Ifairs that gtow 'on {^fant of the wheat nvliftii yoiie)|^, fait 
which fall off wheti it ripetis, magniCed to the fame degtde 
as the preceding hgurei. 
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Theorems refpcdtng the Propei'ties of the Sides qf Triangles hh 
terfeSled bjf Right Lines drawn from the three Angles fo as to 
meet in one Point. Bjf Mr. John Gough. 


To Mr. NICHOLSON. 


SIR, 


MiddUjhaw, March 1, ISOj, 
Certain proper- Geometricians have paid but little allenlton (o the 

tiesol triangles. p|.Qpgf ^ 1^3 gj- triangles, which are iriterfecled by 

right lines, drawn from the three oppofitc angles foas to meet 
in one point. Perhaps all the theorems of this kind that have 
been hitherto publiflied, are contained in the fecond book of 
Emerfon^s Geometry, with the Angle exception of a propofi- 
tion given by Mr. Landen; who has proved that if one of the 
' internal angles of a triangle, and the two oppofite external an- 
gles of the fame be bifefted, the right lines, drawn for this 
purpofe, will alfo meet in a common point. The following 
propofitions take a more general view of the fubjedl; and as 
fome mathematical papers have appeared of late in the Philo* 
fophical Journal, I have ventured to aik a place for the prefent 
ilieet, in your valuable mifcellany. 

I remain, &c. 

JOHN GOUGH. 

P. S. In vol. X. page 66, line 2, for 5| yards read 3| yards. 


Ptdpojition \ft. Let three right lines C M, B N Bfid A 8, 
fPlo/rXL Fig. 1, 2.) drawn from the three tingles oif a (riah- 
gleAitC, interfeQ tlife oppoliie iidoi, p}<filuci$(l dr tH)t> in 
the |>oints M,'N dhd S, and alfd meet eadi other in a editih* 
toon point O; then if all Uip point! M, N and S lay-bdttdbtt 

tho 
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Hie singular points A and C, the place of O wU! be wlthie Csttsiht 

thi! triangle, and the three lines CO, BO and A 0 will ^ ewapHI 

wholly within the fame; but if one of thefe points, as lay 

in fi E, which is C B produced, the place of O will be ex* 

ternal to (he triangle ; in which cafe, one of the two remain* 

ing points of interfedlion will lay in its refpedive (ide pr(W 

daced; but the (ituation of the other will always be betwixt 

the angular points of the third fide. 

Dtinonfiration. 

Cafe IJim Let M, N and S (Fig. 1.) be betwixt the angu- 
lar points B, A and C, i^ which rafe, the triangles ABC, 

MBC are of the fame altitude; confeciucntly they are as 
their bafes A B M, Euc, 1.6; but B M is a part of A B by 
hypolhefis; therefore (he triangle MBC is a part of ABC, 

(Simp fan's Euclid, D. 5.) that is, the triangle ABC contains 
the triangle MBC; for«the fame reafon, llie fame ABC con- 
tains the triangle SAB; but the figure M B S O is common to 
the triangles M B C, SAB; therefore it is contained indie 
triangle ABC; confequently the place of O is within the 
fame; now as the points A, B, C and O are all found in the 
fpace A B C, the lines A O, B O and C O muft alio lay wholly 
within the fame triangle. 

Cafi 9, When the point S falls in B E or C B produced, 
f Fig. 2.) (he angle C B A is external to the triangle A B S ; 
therefore it is greater than the angle B S A, (Euc, 17, 1;) and 
the fum of the angles CAB, A C B is Icfs than the angles 
C AS, A C S taken together, (Em. 32. 1); hence the angle 
C A B is lefs (ban CAS; confequently the right line A S, 
produced at pleafure, falls wholly without the triangle ABC. 

Now if the remaining two lines C M^and B N be fuppofed to 
cut the fides B A and A C not produced, the place of O, their 
common inlerfedlion, will be in the fpace ABC, by Cajk 1 : 
but this is impoffible; for O is in the righ*t line A S by hypo* 
thefis; which has been (hewn to fall wholly without the uian- 
gleA B C| conrequently one at leaft of ibe lines C B N 
snttfi alfo lay without the fiime fpace; let this be B and 
draw O K parallel to C A; then the external angle O KE of 
the triangle 0 K C is greater than the istemal and oppofite 
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angle B C M, i7.l ; ^Ube angles O K E, A C B are ecfoil 
•^fm0 trisiigia. 29,1;) therei'ore the triangle M BCisa part of the (riMh 
gle A B C, and is contained in it; but thefe triangles ate at 
their bafes M B, B A £mc. 1.6 ;) ccwifequently M B is apafjt of 
B A^ Simf. Euc. D, 5; and the point M is between the points 
A and B. Q. E. D. 

Corollary, Hence it appears that if two lines C M and B N 
be drawn, and their interledtion O lay within the triangle 
ABC, the place of tlie third point S will be in the fide B C 
nnprodiiced. But if O lay without the triangle, the place of 
the third point will depend on thetitualion of the given points; 
namely if thefe be in tw^o fides produced, the place fought will 
lay in the remaining fide unproduced ; but if either of the given 
points fall belw'een two angles of the triangle, the third will 
be found in the remaining tide produced. 

Projwfition 2. If a right line C M (Fig, 1 .) be drawn from 
C| one of the angles of a triangle ABC, to cut the oppofitc 
fide A B, produced or not, in M, dnd if from the point Mt 
perpendiculars, M F, M H be let I’all upon the (ides A C, C B, 
the redlangle B M, M F will be to the redangle A M, M H, 
as B C is to C A. 

Denionjlration. Draw A P, B Q perpendicular to B C, C A; 
tlienwc have the following proportions, byfemilar triangles; as 
M B : M H : : A B : A P; and M F : M A : : B Q : BA; 
hence as M B x M F : A M x M 11 ; : H Q : A P. Hut as B Q : 

P : : BC :'C A, Euc. 1 1.6; therefore the redangle M B, 
M F is to the redangle M A, M H as B C is to C A. Euc, 
11.5. Q. E. D. 

C(n\ \Jl. If O /t. Of he drawn pr*rpendicular to B C, C A, 
from any point O in M C; the redangk* M B, 0/ will he to 
M A, Oh as B C IS to C A; for hy Jimilar triangles as /O ; 
O A ; : F M : M H ; hehc'e as M B x O / : M A x O A i ; MB 
X M F : M A X M H ; conf-quently as M B x Of ; M A x 
OA : : BC : CA. Euc. J1..5. 

Cor, 2nd, Let the triangle ARC he Ifofceles, having tho 
fidcs B A, A C equal; alfo let C M, B N, drawn to the Op- 
pofite fides B A, A C meet in O ; then the point S is givei>, 
in which A O, produced if necetfary, cuts Ihe remaining fide 
C B;. For draw Of, O g perpendicular to C A, A B, and we 
^eli have, as B Sx O/; C Sx O j ; ; B A s A C, Cgr, J ; but 

BA, 
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B A C aro equal by hypotheGs; therefore B Sx 0 /saC prapiK^ 

xOg; hence as Og : O/s : B S ; S C ; confeqaenily die**** *'^***Bllla 
point S may be foundy proper attention being paid to Car. 

Prop, 1. 

Propofition 3« If three right lines C B N, A S, dratvn 
from the three angles of a triangle A B C f 1 and 2) meet 
each other in a point O, and the oppofite fides B A, A C and 
C in Mf N and S ; the fegments of any one fide are as the 
rectangle under the alternate fegments of the remaining two 
fides; i,e, BS is to SC as the rectangle BM, AN to the 
rcflangle C A M. 

Dmonftration. Draw 0/j O g, O /i perpendicular to C A, 

ABandBC. Then as BC : C A : : BMxO/: A MxOA; 

Cor, 1 . Prop, 2 ; for the fame reafon asAB: BC::NAx 
Oh : N C X O g; hence as BA: A C : : M B x N A x Of : 

N Cx M Ax Oj?; but as B A A C : : BSx O/: C Sx 
confecjiiently B S is to S C as the redlangle B M, A N is to the 
reftangle C N, AM. E. D. 

Cor. If two right lines C M, B N be drawn from two an- 
gles of any plain triangle ABC, fo as to meet each other in 
a point O, and (he oppofite fules B A, A C in M and N ; a 
point S may be found in the remaining fide, produced if nc- 
celfary, fothat if S A be joined, the right line AS fiidll pafs 
through O. For iince llie right lines B M, MA, AN and 
N C are given, the redangles B M, A N and C N, A M are 
alfo given ; confequently the ratio of thefc redangles is given : 
but the right line A O cuts the fide C B, produced or not, ac- 
cording to circumfiances, in ilie fame ratio, by the lafi pro- 
pofilion; therefore if both M and N lay betwixt the angular 
points of (he triangle, or in their refpedive tides produced, 
divide B C in S, to that B S may be to S C in the ratio of the 
redangles B M, AN and C N, A M*; then wdl S be the re* 
quired point by Cor, to Prop, I ; but if M befiluated betwixt 
the angles B, A, and N lay in C A produced ; find S in C B 
alfo produced, to that B S may be to S C as the rcdanglc B M, 

AN is to the redungle C N, A M ; ami S will be the re- 
quired point, by the corollary latl referred to. • 

Prop, 4. Let three right lines C M, B N and A S (Fig, \ 
mnd 2) drawn from the three angles of a triangle ABC, in- 
leifed each other in a common point O, and meet the oppo- 

iite 



ott tatitifaiEl 


fite fides-B A, A C and C B» in the pointg M, N and S| it 
ttuoptu ^ ^ N C as A^B is to B^C ; but 6 M be to M A as 
B*C is to C'A ; then will B S be to S C as the produd of 
B'A into B'C is to the produft of B**C into A'M. 

Demmfiraiion. As A N : N C : : B'A : B*’C ; and as Bf M 
: M A : : B*^C : C'A by hypothefis ; hence as B M x A N : 
C N X A M : : B^A x B'C : B^C x C'A ; but as B M x A N : 
N C X A M : : B S : SC; confequently BS is to S C as the 
* product of B^A into B'C is to the produ6t of B'C into C'A. 

11.5. Q.'E. D. 

Corollary 1 ft. The preceding theorem is genera? ; for the 
latios of B M to M A» and of A N to N C can be exprefTed 
by fome power or powers of the lines B C, C A and A 
B C. which contain the angles oppoHte to the tides B A and 
A C ; therefore if the points M» N and S be arranged accord- 
ing to the corollary to Propoiit ion iti, and the fegmenU be* 
twixt thefe points and the adjacent angles have the ratios af- 
tigned in the prefent theorem, right fines, drawn from M, N 
and S to the oppuHte angles, will all meet in one point. 

Cor. 2. When r and p are equal, B S is to S C as is 
to A^C by Ihepropotition ; therefore if the fegments betwixt 
the points M, N, S apd the adjacent angles are in the ratios of 
the adjacent tides raifed to any given power, right lines, drawn 
from M, N and S to the oppotite angles, will all meet in one 
point by Cor. 1 ft. 

Cor. 3rd. Let p = o; then as B S : S C : : B®A : A®C 
by the propofition; but B®A : A®C is the ratio of equality; 
therefore if M, N and S bife6l the three tides of a trianglef 
lines drawn from them to the oppofite angles will meet in one 
point by Cor. 2nd. 

Cor. 4. Letp = I ;^airo let M and N interfe^ the tides 
B A, A C not produced ; then S lays between the angular 
points B, C, Cor. Prop. 1 ; and as BS;SC;;BA:AC, 
Cor. 2 ; therefore tbe right line S A bifefls the angle B A C ; 
confequently if three right lines bifedt the three internal an- 
gles of a triangle, they (hall all meet in one point by the lati 
propotition. 

Cor. 5. Let p s= I «B before ; alfo fuppofe M to be in (he 
fide B A not produced ; but let N be without the triangle ; 
then S is in C B produced. Cor. Prop. 1 ; but as B S : S C : : 

5 BA 
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BA : A C, Cor. 2 \ therefore S A bifeds the angle BAN* 
(Sintpfon's Euclid. .6 A) ; allb as BM:MA::BC:OA| 
therefore C M bifeds the angte A C B, Euc. 3.6 ; confeqoentf/ 
if lyvo lines bifefl any two of the external angles of triangles^ 
and a third line bifefl the internal angle oppofite to thefe an- 
gles, thel'e lines (hall meet in one point by (he laft propofilion. 

Prop. 5. If B M be to M A as B^C to C^A ; and k O, 0/be 
perpendicular to B C and CAj AO is to 0/a8B*^"*Cto 
C^-‘A. 

DemonJiraUon. As BMxO/:AMxOA::BC:CA, 
Cor. 1. Prop. 2; and as B^'C : A**C : : BM : M A by hypo- 
theiis ; therefore as B^C x Of ; A^C xOh :: B C : C A ; con- 
iequently as OA : Of : : B**— “C : C** ‘A. Q. E. D. 


III. 

I 

A Communication on the life of Green Vitriol, or Sulphate of 
Iron, as a Manure; and on the EJjicacy of paring and burn- 
ing depending, partly, on Oxide of Iron. By Georg K 
Tearson, M.D. Honorary Member oj the Board qf Agri- 
culture, F. R. S, From a Communication made by him to the 
Board, and inferted in thejourth Volume of their Tranfadiontm 

(Concluded from page 214.) 

APPENDIX. 

The following fadls^ lately diTcovered by moft refpefiable 
chemifts, appear to be worth adding to the preceding memoir, 
as they ferve to (liew that other faits, bcfides fulphate of iron 
and certain earths, may be employed advantageoufly as 
manures, although like iron they have been efleemed deleterious 
to plants. 

1 . AJhes qf Pit Coal are a good Manure for Graft. 

My much valued friend, the Rev. William Gregor, of Thf aihes of pU 
Grampound, on examination df the afhes of coal from Liver* JmijuIc fofgrafi* 
pool, found them to contain both fulphate of magneiSa and 
fulphale of lime, efpecially the former, fait. J eppfeheDd 
that thefe aOies alCu contaiu oxide of iron, or perhaps fulphate 

i>l 
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of irbli* Thefe a(hes, (aj^s Mr. Gregor, '** Jketided^'^ 
grafst apparently producec} good jeffedls notwithfianding tkt 
fuiphafe fff magncfiti, which I was well afTured they contaiiutd^ 
See Nicholfon’s Journal, Vol. V. p. 225* 

From this nbfervation of Mr. Gregor, it feems he is aware 
of the prevailing popular opinion, that fulpbate of roagneiia 
IS not favourable to vegetation; and to reconcile his fa^ with 
the unfriendly nature of magnefia to plants, as difeovered by 
Mr, Tennant, he obferves that the effects of fulphate of 
magneiia may be very different from Ihofe of magnefia and 
carbonate of magnefia. 1 appiehend it is the magnefia (cal^ 
cined magnefia) only which this learned chemiff found hurtful 
to vegetables, as the difeovery was made on the examination 
of Nottingly lime, which the farmers near Doncaffer employ 
as a manure, wliile they rejcifl the lime of their own neighbour^ 
hood. In the latter Mr. Tennant met vviih magnefia, and in 
the former none. See the account of this important difeovery 
in the Philof. Tranla6tions. * 

2. Tht Earth from A^fhes called Cinis, is a durable and efficacious 
Manure; by rroftffor Mitchill, of New York, one of the 
Repreffintatives in Congrefu Addrcjfcd to Dr, Pearfon, 

Earth from aflies Dr. Milchill, in a letter add refled to me on cinis, of earth 
“**®®^“*““^** found in the aflies of wood, has made fome obfervations rela- 
tive to the preceding memoir, which feem worthy of notice. 

Allies of wood contain very commonly fulphate of potafli, 
alfo phcifphoric ncid, betides other well known falts ; but after 
thefo falts are feparaled by lixiviation, there remains a peculiar 
earth, and a fmall proportion of iron. This earth diflers from 
Jime, baryt, magnefia, flronlian, or any other known fpecies 
of earth. I would call it cinis, for plentiful, common, and 
important it is, fcience has not dignified it with a name. 
To judge of the excellence of this earth as a manure, after 
all the falts are trailed from foap boilers’ allies, the earth 
fells for ten cents liie buffiol, and notwithfianding this high 
price^ it is not unufual for the fanner to pay for the article 
twelve months beforehand. When ploughed into fieri Ic 
ground, at twelve loads per mere, it produces great crops of 
wheat, clover, and ptber forts of grafs and graini and its 
fertilizing operation will Uft twenty years. Although (bme 
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5f the other ingredients of the allies left after lixiviation may 
prove beneficial^ yet the effedls are chiefly from the cinis, ot 
new named earth. 

** This earth, which is fo prized in America as A mahure, 
was efluemed of old in Aha, as an ingredient in a cement : 
among the ancient Syrians, it was one of the materials form- 
ing the plafler of their walls ; and as it holds an intermediate 
place between lime and potafli, it can eaiily be conceived 
how it may a£l both as a cement and a manure. It is to be 
hoped, chemifls will turn their attention to this important 
fubje^l.” See Tilloch's Philof. Magazine, Vol. VII. p. 273, 
for the whole of this interefling letteri 

3. Several Metallic Salts promote Vegetation, jhewn by the Ex* 
periments of Profejfor Barton, of Philadelphia, 

Letter from Benjamin Smith Barton, M, D. Profejfor of Medicine 
in the College (f Philadelphia, to Dr, Pearfon, containing 
Experiments with Metallic Solutions to determine their LJj'ctts 
on Plants, 

SlR| 

Philadelphia^ Oa. 23, 1 802. 

IN the Annals rf Medicine for the year I SO I, you inform Hirca cx|icn- 
U8, that you have lately read a paper at tlie Bpard of -Agrlcul- 
tiire, •' containing an account of the efleds of a faiinc body r«its on 
collected from peat, as a moft powerful manure, which turns 
out to be fiilphate of iron ; a fubftance (you remark) hitherto 
confidcred to be a poifon to plants.” This piece of intelligence 
gave me much falisfadion. I have, for fome years, been 
engaged in an extenflve feries of experiments, relative to the 
effedls of various ftimiilating articles, fuch as camphire, 8zc, 
upon vegetables; and on the abforption of certain powerful 
mineral lubAances into the organic fjAem of vegetables. In 
numerous inflances I have (ubje6led (he Aems and lea\'es of 
plants, young and old, large and fmall, to the influence of the 
fulphales of iron and copper. I have found, that both ol 
tbefe metallic falls are very greedily abforbed by vegetables, 
infomuch that 1 ■have deledled the prefence of iron in the 
vefl'els of a branch of mulberry, at the height of five or fix 
feet above the place of immerfion in a folution of the fulphate 
of this metal. A full account of my experiments, 1 defigit 
Vot, X» — April, 1S05, R i# 
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to communicate to the public in two memoirs* Permit roe 
to obferve, in the meanwhile^ that the fulphateof iron^ applied 
to vegetables in the manner I have mentionedj is only (to 
ufe your own words) a poifon, like almoll every thing elfe^ 
from the over-dofe*" In Jtoeral of my experiments, the brmnckes 
qf vegetables that were placed in vejfels containing Jblutiom qf' 
fulphate of iron and copper, lived longer and exhibited more 
figns qf vigour, than fimilar branches that were placed in equal^ 
quantities of firnple water^ It is true, that, in many other ex- 
periments, tbefe metallic falts proved fatal to my plants ; but 
this was when 1 employed too large a dole. In like manner 
I had found feveral years ago*^, that camphire, by greatly 
ilimulatiiig, often kills vegetables ; and yet, when properly 
dofed, this is a very wholefome flimulant to plants. I had 
alfo found, that large dofes of nitre (which is unqueflionably 
a powerful ilimulant both with relpedl to animals and vege- 
tables) produce an appearance like genuine gangrene in the 
leaves of vegetables : and yet it is cprtain that nitre, when 
it is judicioully dofed, may be made to greatly allirt the healthy 
vegetation of plants. 

Excufe the liberty I have taken in troubling you with thefe 
few loofe hints, and permit me to fublcribe myfelf, 

Sifi your very humble and obedient Servant, &c« 

, Benjamin Smith Barton. 

4. Sulphate of Iron in the Peat of Jlqffia, found by Profejfor 
Robifon, 

Sulphate of iron Something eli'e betides vegetable matter is neceffary to form 
cxifts in RuiTian mofs of the moors. The fmell of burning peat 

is different from that of vegetable matter. Peat afties, fays 
the Profelfor, always contain a very great proportion of iron ; 
he has teen three places ^in RulTia where there is fuperficial 
peat mofs, and in all of them the vitriol is fo abundant as to 
effiorefee. In parlici-lar, on a moor near St. Peterlburgh^ the 
clods Ihew the vitriol* (fulphate of iron) every morning when 
the dew has evaporated. According to this learned Profetfor's 
obferva/.ioi>, the fulphate of iron in pit coal may be accounted 
for in the following manner : peat moffes form very regular 

• See Tranfa£lions of the American Phllofophical Society, 
Voh IV. No. xxvii. 
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ftrata. Vying indeed on the furface ; but if any operation of 
nature ftiould cover this with a deep load of other niatter« it 
would be comprelTed and rendered very folid : and remaining 
for ages in that (ituation, might ripen into a fobHance very 
like pit coal. See the Medical and Chirurgical Review for 
November 1803. 


5. 


Mr, Jnjlc^’s Tejiimony of the Ufe qf Peat Duft and Peat AJhes, 


SiR, 


Houghton Regis, Dec. 3, 1801. 


I received yours, dated the ISth of November laVt. in Teftinmny of 
which you requefled me to inform you what experiment I liad^*^* 
made from the turf duft, taken from Tingrith Moor. 1 have 
made ufe of the aflies and duft near thirty years, and 1 fre- 
quently lay on from eighty to a hundred bulliels per acre. 

Our land is dry and very thin ftapled, owing to the chalk rock 
laying fo very near the furface ; it encourages vegetation in 
moift warm weather; *but when hot and dry, the reverfe. 

We never mix any other manure with it. It cofts about 
four-pence per buftie), including all expences. 

We chiefly fpread it on our feed grafs, clover, &c. 


1 am, Sir, your humble Servant, 

JOS. ANSTEY. 


IV. 


On Spectacles, In a Letter from Mr. 'Ezekiel Walkbr. 


To Mr. NICHOLSON. 


Dear Sir, 


In 


Lynn, Pehruary 16, 1805. 

a former paper, I poinled out a property in fpe61acles,Pofiti(warpfp«ft- 
•h had boHH nvprlnnkori hv the writf!rK on ontics: but ^P*®*''^**> 


which had been overlooked by the writers on optics; but as' 
fome of your readers enierfain opinions contrary to mine, * 

the fubjedt feems to require further iiivefiigation. • 

What 1 have •advanced concerning fpedlades is, that we vis. that we fee 
fee better' by oblique, than by diredl pencils of rays \ thM'^y^diuCt*** 


Phil cfophical Journal, Vol. VII. p. 291. 
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m ON SPECTACLES. 

It has been dexnonflrated by mathematicians^ that an oblique 
pencil of rays has its focus a little nearer the lensj than a 
diredt pencil; but how much this.diiference amounts to, at 
different angles. Teems not to have atlradled their attention. 
This difference, how-ever, is loo confiderable to be difregapd^’ 
ed, when tlie rays of light fall very obliquely, 

Confidcratjons For let L L {Fig, 3. PL xi.) rc|)rcrent a double convex 

oblf^ue ^encils ^ focus, A F its axis, and aba ray parallel to 

w'hich will be refradled to F, after pafling through the lens. 
Alfo let c b and d d be two oblique rays failing upon the lens, 
at h and d. 

Then the rays near A F falling almoft perpendicularly upon 
the Tides of the lens, are lefs bent than the raysc b,dd, which 
fall obliquely on both fides of the lens. For the more; 
oblique they are, the more they are bent, and turned out of 
their diredl way. And conrcquently the oblique rays c b, dd, 
will fooner inlerfcdt in G, than Ihofe at F.'^ (Emerfon's 
Optics, page 124*.) When the angle a ^ c is very confider- 
able, the difference between x F, and y G, will likewife 
be very confiderable. And tlje following ftiort account of my 
experiments will throw fome light upon the truth of this pro- 
puli (ion. 

Spc^dcles In the fpedtacles that I ufe, the reading diflance of oblique 

obliquely placed, |5 four Jnchcs nearer the glades, than the diftance at 
which 1 can fee bed, with the dirc61 rays. 

And by experiments made with a lens of 21* inches focal 
didance, and 4* inches in diameter, conlrafled to - of an inch, 
I found the focal didance of an oblique pencil of rays S inches 
Ihorler than tlie focal didance of the dire6t rays. The axis 
of the lens, when placed for the oblique rays, made an angle 
of with a line drawn from its centre, to the candle with 
Avhidi the experiments iverc made. And the didance be> 
tween the candle and the lens mcafured about 10 feet, when 
the lens was placed to receive the diredl rays. 

Cor, 1. When an«objc6l is fecn through fpedaclcs, by 
oblique rays, it appears larger than by diredl rays. 

For the object is feen under the greated angle, by Ihofe 
rays that are mod refradted. 

Cor, 2. When an objcdl is viewed by oblique rays 
through fpedlacles, it is feen more didindlly with one cye> 
tlian v%ith the other. 


For 
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For the rays fall more obliquely upon one of the glalTes^ 
than upon the other. 

Cor. 3. The diredl pencils of rays are hut feldom ufed, by 
a perfon whofe fpe61acles are of the longcil focal diflancCi 
that will afford him diRinft vilion. 

For he generally looks through ihofe parts of his glafTcs, 
which are remote from their centres, in confequencc of that 
fflmotion which is given to the eyes, to view objects in dif» 
ferent direflions. 

I am. Dear Sir, 

Your moft obedient Servant, 

EZEKIEL WALKER. 


V. 

Jiemarks on certain Pajfages in Dr, Thomfon's Chcmijiry, to* 
gether with fame llxperimcnts on Sandarach and MaJHc. In 
a iMterfrom Mr, R. Matthews. 

To Mr. NICHOLSON. 

SIR. 

In a work of luch importance as Dr. Thomfon's Chemitlry, 

which muft be fo frequently referred to by the lovers of that 

fcience, the flighted inaccuracy ought not to pafs unnoticed ; 

the following obfervations therefore, perhaps may be ton- IriDr.Thomfon‘8 

fidcred fufiiciently intcreding to deferve a place in )oui 

valuable Journal. 

In his 4lh Vol. page 307, Dr. Thomfon has the following it is tbtH, that 
remark : " Hitherto it has been atlirined by all chemifts both '.'uJtej, 
ancient and modern, that the alkalies do not exert any adion tha aUahes da 
on the refins.” This remark I admit may be generally true; 
but although mod chemids have been negligent in alcertaining 
the effeds of alcalies upon fubdances if this nature, I con- 
ceive fome of them were not unacquainted with the power » 

they poflefs of diflblving refinous bodies. t 

Boerhaave, for indance, in his elements of chemiflry, page The contrj*j !• 
545, exprdfsly fays, that, both the fixed and volatile alcalies 
have a diffblving power, upon animal, vegetable, and tinneral 
fubdances, fo far as thefe contain oils| balfams, gums, ro/tm . 

V g'lpmy rofinsi 
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•DdbyHoffmann* HofTmann s^lfo, by the method he employed in diflblving 
amber with cauftic nitre, evinced that he was acquainted with 
this property in alcalies. Dr. Thomfon defcribes Mr. Hatchett 
as the firft difcoverer of the a^ion of alcalies upon refill. The 
fa£ls above quoted will leffen the originality, without diminifii- 
ing the value of Mr. Hatchett’s ingenious experiments. 

How therefore it can be true that, ** all chemifis both 
ancient and modern, have affirmed, that the alcalies do 
exert any action on the refins” J cannot eafily difcern, un« 
lefs indeed we impute to them the moil palpable contradic- 
tions, an error which 1 believe is not often found in their 
writings. 

Dr. Thomfon Page 340 in the fame volume. Dr. Thomfon aflerts, that 

fandarach is not foluble in alcohol, about a fifth part of it re- 
nfch of randarach . .. v . , . . r i • • r i i » j* 

ia in foluble in maming undillolved; and delcribes the inloluble part as poN 

alcohol. feffing peculiar properties, differing from fandarach, and calls 

it Jimdaracha. It ought not to be concluded, lhal Dr. Thomfon 

himfelf can have chemically examined pvery fubftanoe he mufl 

have occafion to deferibe in a work which embraces fb great 

a variety ; but the importance of fandarach as an ingredient 

in varniflies being nearly equal to that of any other refin, this 

fubfiance certainly deferves more attention from chemifls 

than has hitherto been bellowed on it. The properties of this 

refin as mentioned by Dr. Thomfon, are fiated to reft folely 

on the authority of Giefe, no other ciicmifl having examined 

it. 

Sxperiment. It Upon trial I fout^d that fandarach was foluble in eight limes 
proved foluble in jjs weight of alcohol, a very minute proportion only being left, 
weight of which appeared to confifi almofi entirely of extraneous matter, 
akobol. Confequently the fubfiance Dr. Thomfon has denominated 

fandarucha can have no cxifience in this refin. It is proper 
to obferve, that the refiii«l made ufe of was felefted fine, and 
is known in commerce by the names of gum juniper and 
fandarach. From the obvious difagreemeiU in the refults, 
perhaps we ought td conclude, that the fubfiance employed 
by Giefe in his experiments was not true gum fandarach 

* Lobking to fome chemical notes, I find that when three or four 
tears of fandarach were put into pure alcohol, *and left for a day, 
a fitiall quantity of thick fluid remained at the bottom, which, 
however, was taken up by agitation, and the whole became femi- 
ppake : — ft is remarkable, that this fubfiance ia npt foluble in tallow 
pr oil, as common refm ia, N. 
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Speaking of mailich, vol. p. 311. Or. Tbomfon Dr. ThomliMi*i 
fays, it is readily Ibluble in alcohol. In llie fame valuable ^ 
volume, page 332, he informs u.^ that that pari of maftich 
ivliich is infbluble in alcohol i:. faid to be pure caoulchouCo^^ 

In invefligatmg this apparent contradiflion, I examined the The Author's 
adlioH of alcohol upon matlich, and found that nearly a fifth 
part of it remained undilTolved. This refiduum, after re* Alcohol lems 
Upeated wafliings in alcohol, was white, conliJerably elaflic, 
and adhelive; it was inflammable; and when healed became foived, 
brown, emitting inflammable gas. In this date it had much rrfrmbling 
the appearance of common Indian rubber, but fomewhat 
glutinous : It was not in the lead a6lcd on by water. 

1 was induced to try the effects of diflerent mendrua on Comparative rx- 
this refiduum, and on the elaftic gum caoutchouc, with * Jefilue of mas*^ 
view to afeertain their identity or otherwiie. The following uch, and on 
are the refults I obtained : caoutchouc* 

Sulphuric ether, previous v wa(bed with diddled water, 
diflblved this reiiduum/is well as caoutchouc. 

Alcohol precipitated both thefe fubdances from tlieir folvent 
in the form of a white curd. 

Water had no a6lion on the folutions. 

By the nitric acid the redduum was converted into a yellow 
brittle porous mafs, nitrous gas being difen/aged from the 
acid. 

Nitric acid did not a61 fo eafliy on caoutchouc ; but whea 
raifed to the boiling point it changed it into a dmilar Tub* 
dance. 

With the fulphuric acid a fubdance like charcoal w^ns form- 
ed, the acid aflliming a dark port wine colour, part of it being 
converted into fulphureous acid* 

The fame effedl was produced by the fulphuric acid on 
caoutchouc, though not without lhe«adidance of heat. 

Neither the muriatic or oxymuriatic acids appeared to have 
any action on either of thefe fubdances. 

Acetic acid diflTolved a finall porlion*of the reflduuni, but 
liad no adlion on caoutchouc. 

Solutions of potafli and ammonia produced no effect on 
either the refiduum or caoutchouc. 

From the above experiments it will be obferved, that the Thefe nppesr to 
acids adl with greater faci^lity on the infoluble part of madich, 1*® 
than on caoutchouc* Not withdanding this difference in their 

adlion. 
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a£tion, I think it may be inferred* from the coincidence in 
their effects* that thefe bodies are fimilar fubftanccs. Probably 
the adtion of the acids pn the refiduum was afljded by a fmall 
portion of retin which it was combined with* and which it 
defended from the adticn of the alcohol employed Iq diQblv.t) 
the roaftich, 

I am* your obedient Servant* 


March 13, 1805. 


R. MATTHEWS, 


VI. 


The Dutch Method of curing Heningi^ extra^edmnd tranfiatei 
' from the German of Kriinitz^s Economical Encyclopadia 
(Oeconomifehe Encyclop'adieJ, Article IJciring, by J, 
Hinckley* Efq. F. S, A, 

(Concluded from p. 214*) 

Dutch method Herrings, however, are equally good, wherever they 

pf catching and taken, provided they be but caught in the proper feafon, 
coring herrings. , * ... ® , . . , . 

and well managed. As they die immediately on quitting their 

element, fs^lting and packing are the circurii Trances which 
principally afTedt their quality. The fuperior excellence and 
flavour of Dutch herrings, above ihofe of all oilier countries, 
arifes front the clofc attention and indcfatigablo induftry em- 
ployed, Every thing, however minute, both as to feafon and 
management, wdiich can maintain the reputation they have 
enjoyed for more than two hundred years, is mod pundlually 
obferved ; and above thirty ordinances on the curing and ma* 
nagement of herrings are recited by Sir W thiatp Temple* it) 
the 17lh century. 

Herrings, cured with Scotch fait* very quickly decay. 
Thofe of Norway are cured in the fame manner as the Scotch* 
but with French (alt, ^ and packed in hr pr deal; in confe- 
quence of which they are worfe, and lefs palatable, as they 
leave a ^ou^ta^ie in the mouth, and foon fpoil. In like roani 
per, othbr nations are equally carplefs in aborting the flfli* 
and to this may be attributed the precedency which the Dutch 
{lerrings have fo long maintained. The Dutch catch their 
filb fe^ularly and early off HilllaDd* from the 25th of June* 

bec^u% 
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becaufe they are Ihent and to the beginning of July* fatiefl; Dutch methodl* 
after which time, the nearer they approach the coaft^ **!? 

leaner and worlc they are. 

It redounds no lefs to the honour of the Dutch, than (o 
their advantage, that they pay the utmod pollihle attention 
to thefe rules : according to which, the fifti mud he taken at 
the proper feafon, properly failed, well aObrted, and rightly 
packed ; to do all which, the captain and failur*; are by feveral 
laws obliged to bind themfelves by oath, before they fail. 

There arc alfo overfeers well paid, that they may not betray 
their trud, but watch and enforce every the minuted regula- 
tion ; to which circum dance alfo, the pre-eminence of Dutch 
herrings throu^out the world may partly be aferibed. 

As foon as^e herrings are taken out of the water, they 
are thrown either upon the end of the deck, vvliich lias been 
cleared, and made perfcdlly clean for the purpufe, or into 
bafkets ; and then gipped (the gills and guts taken out) with 
a knife, by fome of ihe^crew', who are lolely employed there- 
in, having been broiiglit up to that praflice. _ The milf, or 
roe, however, is always left in the fifli.* What are taken 
during one night, are, before the following fun-fet, neatly 
and fkilfully laid in oaken bands, coarfc Spanilh or Portu- 
guefe bay fait being drewed betw'cen. This tlie filhcrmen of 
other countries either entirely ncgicdl, or lefs carefully per- 
form, being lefs fcrupuloully nice; becaufe they cither go out 
to fea later, or, like the Scotch, commence fidiing too foon ; 
or only navigate final 1 boats near the coad ; do not kill the fidi 
with a knife, or gut, fait, or pack them, w'hiie on board, 
but throw (hem down in a boat, and when fully laden, go on 
(hore, proceed at their leifure, cad the fifh on the lea-coad 
in confiderablc heaps, where they are even fiidered to lie 
fometimes feveral days, before they, are gutted, failed, and 
packed, in confequence of which they grow, dale and ferment. 

The Dutch, on the contrary, indefatigably piiifue their me- 
thod day and night, during twenty, Iweity-four, or twenty- 
fix weeks, be the weather what it may. Hence, their fifli 
pre ufually more tender, better flavoured, and not fo very 
fait as the Englifli and the Scotch. 

♦ Mr. McCulloch’s Trcatifc (fee note, page 413) fays, they 
fbould alfo be kept cleanly, and out of the fun, as well as froft or 
fain, 

ThW 



BVTCK METHOD OF CURING HERRINGS* 


m 

Hutch method There are two methods of fatting and preferving herrings 
for a coniiderable length of .time. The one is called white 
falting* the other red* The former is thus performed. Im- 
mediately on being taken, the fi(h are gutted, as above de- 
fcribed, and walhed in clean water. Then fait is fprinkled 
on them, either internaliyi or both within and without, and 
Ihe fi(h, being thrown into large bafkels with handles, are 
well roufedf (or fliaken about a few times) that the fait may 
the better difTufe itfelf* and penetrate: or, laftly, which is 
the bed method, they are thrown into a tub filled with a 
llrong brine made with bay fait and frcfli water, in which 
an egg will fwim. In this pickle they are left upon deck 
in the open air, provided the weather be goo^during twelve 
or fifteen hours ; but, if circumflances require, a good deal 
longer, and are well flirred (efpecially if pickled on fhore) 
with fhovels feveral times, that the fait may the better and 
more generally penetrate every where. Ladly, to pack them 
properly, they are taken out of the pickle, fufTered to drain 
fuflSciently, and then packed in barrels, which are firewed at 
bottom pretty thickly with fait, and, if there is time enough, 
they are neatly laid in flrata or layers, always fire wing fuffi- 
cient fait upon each layer. But, if the abundance of fifli be 
too great, they are thrown in proraifcuoully, with as much 
fait as is requifile to preferve them from fpoiling. When this 
is done in flrata, each new layer is prelTed down hard upon the 
preceding. This lafl-racntioned procefs, however, cannot 
cafily be attended to at fea, efpeciaily when the fifhery is 
very abundant. Hence, if the iilh are to be exported, or 
remain long unufed, they are re-packed on fliore, laid in frefli 
fait, and preflTed down hard ; without w’hich precaution her- 
rings exported by fea would fpoil. The fame pra61ice is pur- 
fued in France, Hamburgh, and doubllefs elfewhere. At 
Hamburgh, as in Holland, they are packed in the open air, 
ten packers and three overfeers being appointed for the pur- 
pofe, and all fworrt. Befides re-packing, the packers in the 
maritime towns have alfo to pick and alfort the fifli, according 
to their goodnefs, fait them anew, and put them in frefli 
pickle. It is alfo generally a part of the magiflrates and 
trading companies oaths, not to fufFer any bad fifli to be dc^ 
livered from the quay or cuflom-houfe. 


After 
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After packing, whether the goods are intended for expor* Datch mediol 
tation or home-confumptionf whether pretTed down bard or ^ 
not, they are regularly coopered, that the pickle may not leak ” * 
out, and the filh turn yellow or fpoil, which takes place the 
moment they are deficient in pickle. Prnpeily, the herringa 
ihould, on the very day on which they are taken, not only be 
gutted, but faked and put in cafks, or at leak fhould not lie 
more than one night in the firft pickle. And accordingly fuch 
herrings are dikinguifhed in France by the name of Harengs 
d^une mit. But, when the fifhery is abundant, this is not 
always pollible ; fo that only a part can be properly attended 
to; and the red, after being gutted, mud unavoidably remain, 
at lead the wjliole following day, if not longer, in the firft 
pickle, the regular packing of them being pollponed till the 
third day, Tbefe fifh, having dood two nights on deck in 
the open air, are called Harengs de deux nuits. But fuch 
goods not only are inferior, but do not keep fo well as the* 
former. , 

If the hfherrr.en mean again to cad their nets on (he follow,, 
ing night, or if, on account of (he great abundance of (he 
dioals, they do not expert to r*ot)<plele (he falling and regular 
pads mg in two da^s, the fifh, which they cannot fo complete, ^ 
are lalted in large heaps, and are then called Hiabhvrs, or 
Slalthffgut, coarfe goods. Thefe are frequently loo fait, be* 
caufe want of time prevents their being properly managed. 

They are put into the fchuyls, which always accumpanv the 
heriiiig-bulfes, and wa filed ^ after which they aic fmoked; 
though not fo much as the JJickUttgJt (Buckfiiigi:} >r red-lier- 
rings. The falteil herring's, hitln^im fpoken nf, are caMed 
Bocktl htrringe, or piikltd iieriings, oi, in geniTal, plainly 
Herrings \ thofe propi r!v (altcd and packed m layers. Packed^ 
or Barrel herrings; and l''o(c i.aif frffted, and promdi uuully 
packed in barrels, IV ru^ k hn rings. 

The other mode of nning, tulhd Rtd fuhing, is rhu'i per- 
formed. When the fifit are taken out ot the above-dc Iciibed 
pickle, in whith, hoe. ever, they mull reniain longer than 
thofe intended for the comimui, or while-laiiing, and lead 
four-and-l wenty hours ; tl-ey are 'mug by the heau lo r<»w» 
on wooden poles, in fioves t(*nfirutleil for the purpon*, each 
of which generally contains 12^*00 herrings. Being thus 
placed, a fire is made under them with vinc-fialk^, ei .my 
, green 
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mtttiod green faggot- wood, (bat affords much fmoke and little fian^e.^ 
tMTi«^h**r‘n”8 remain till dried, and properly ftnoked, which ge- 

^ ’ nerally requires twenty-four hours. Thus they become Bicki- 

lings, or Red-herrings; when thcfe are packed in barrels, 
they are called Barrelled Bicklings, and arc much falted ; 
but^ if laid in ftraw, they are called Straw Bicklings, and are 
fomewhat lefs failed. The excellence of the Bicklings prin<» 
cipally confifis in their being large, fat, tender, frefh, pro- 
perly falted, pliable, fcifi, of the colour of gold, and' not 
torn or mangled. In Holland, the bed filh are chofen for this 
purpofe; but in other places, the above-deferibed Slabbers 
only are ufed, or other inferior herrings, deemed unfit for the 
ufual mode of falling. The bed and fatfed fmoked Dutch 
herrings are calledi in German, Speckbucklinge^ or fat red* 
herrings; in low .Saxon, Flickhuringe ; and in Hamburgh, 
f/akheeringe. They are cut open along the back.f 

♦ At Bremen, the place mod ccIebrsUcd for fmoklng fifli, and 
where no fecret is made, as in Holland, of the procefs, they are 
hung in ovens of the fize of a fmall parlour, and dri£l attention is 
paid not to ufe dr, or any wood, in which is any the lead turpen- 
tine or refmous matter, which invariably gives a bad tade to the 
fifh. 

+ The a£l of parliament regulations, and many ufcful obferva- 
tions, maybe feen in two fmall tia6ls, rivu, in poHcflion of the 
Society for the Encouragement of Arts, Manufaftures, and Com- 
merce, the one entitled, “ Obfervations on the Herring-Fifhcry 
iipon the Noith and Bad Contis of Scotland, See. ', with plain Rules, 
propofed for curing, and for fnpplying the London Market with 
White Herrings : By Lewis M‘Culloch, many Years employed in 
furnithing the Merchants of London with Hci rings for Exportation, 
London. Richardfon, 1788,’* The other entitled, The bed 
and mod approved Method of curing White Herrings, and all 
Kinds of White Fifh ; containing particular Direflions how toflit^ 
gut, fait, dry, and barrel them, fit for Sale at home or foreign 
Markets j with Dire^ions for boiling of Oil : By a Trader in Fifli, 
|;,ondon. J* pavidfon^ 1750.” 
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VII. 

Th Dti\ji\y qf Mercuric in its folid State afcerUiined, By Mi\ 

John Biddle. 

To Mr. NlCirOLSON. 

SIR| Binningham, March 4, 1805. 

At the Philorophical Society In Birmingham« of which I Experiments be« 

am a member, I read a few weeks ago a ledure on mercury. 

in the courle of my experiments on this lubjeci, conducted Birmingham. 

with a view of exhibiting this metal in a lolid flalCt by ex- 

pofure to the frlgorilic mixture of muriate of lime and fnow, 

it appeared to me the fpecific gravity of this metal would be 

mod accurately obtained in comparifon with other metals 

under ilmilar circumdances of folidity and temperature. 1 

therefore undertook, amongd a variety of others, the follow. 

ing experiments, to afeertain its fpecific gravity in a folid 

date, which 1 believe had never before been accompliflied : 

They fucceeded to my iatisfaflion, and to the gratification of 
fome who were prei'ent: 1 am, therefore, inclined to be. 
lieve, you will think them worth inferting in your Fhiiofo- 
phicaJ Journal. 

I am very refpeflfully yours, 

JOHN BIDDLE. 

HAVING purified mercury, by didilling from an earthen Mercury win pu- 
retort into a glafs receiver 50 pet' cent, of the quantify put in, ^ diftiUa* 
to avoid the alloy of any other metal, and afterwards having 
heated it to 300® of Fahrenheit, to drive off any water that 
might adhere, fuch as was ufed in (9ther experiments, and 
Oxpofed to the action of muriate of lime and fnow,— 1 pro- 
ceeded as follows ; 

One ^oufand grains of this mercury wei% introduced to the and expofed tu 
freezing-mixture, together with three ounces of alcohol, in i 

a round-bottomed glafs ; and having placed in the mciy;ary 
a fine bent wire, the weight of which was previoufly known 
when immerfed in the fame alcohol, to a certain point, in the 
temperature of 47 degrees above zero of Fahrenheit : this wire, 
during the congelation of the mercury, was fixed in it, fo 

that 
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that Uie whole became alf ached to the inner furface of the 
glafxj and could not be feparated until the glafs with jU con* 
tents was taken out of the freessing-mixture, and warmed* by 
dipping it in water* fo as to foftcn the mercury at the fur&Ce 
attached to the glafs; one hand being applied to the wire at 
the fame time* to draw the mercury from the glafs at the 
moment of its being loofened : it was then replaced* as be* 
fore* in the freezing-mixture* 

Vllible figni of During the congelation of the mercury it was obferved* 

gmtconfraaion forface of Ibe metal towards the centre was very confi- 
jOt tfi6 BiBrcury ^ 

by ^cBSJBg. derably depreffed by the rontrafiion of its particles, and the 

veflel having been moved during its congelation* a fmall hole 
nearly reaching the bottom of the glafs* was obferved gra- 
dually leflening in its dimenfions* prefcnting a conical cavity 
with the apex downwards. The wire which held the mercury 
attached to it was now fixed by the other bent end to the 
bydroftatjc balance* which held in the oppofite fcale the 
weights by w^hich the mercury had been weighed in the air* 

. together with the balance of the wire immerfed in the fame 

alcohol to a point marked on the wire. 

Lob of weight It appeared by weighing the 1000 grains of mercury thus 

fioE?* immerfed in alcohol, the lots of weight was 59,8 grains : this 

was weighed five or fix times* with the glafs flill in the freez- 
ing mixture* with (he fame refult ; but when it was with- 
drawn only a little way from the muriate of lime and fnow* 
the difference of weight was perceptible* in confeqnence of 
the temperature of the mercury and alcohol increafing. 
Comparative ex- One thoufand grains of pure fiiver* weighed by the fame 
immerfed in the fame alcohol at the fame temperature* 
filv^. • weight 88*105 grains: therefore* as the lofs of the 

weight of the mercury is to the lofs of weight in the fiiver, fo 
is the fpecific gravity of the fiiver to the fpecific gravity of the 
mercury. 

Whence the fpc- The fpecific gravity of the fiiver in the fame balance having 

cific gravUy of been afcertained, by difiilled water* to be 10.436* it follows* 
multiplied into the fum of its lofs fufpended and 
::: i 5 . 6 iai weiglysd in alcohol* and divided by the fum of lofs of mer- 
cury weighed in the fame way* that the fpecific gravity of 
the mercury in the folid flate* at about 40 degrees, below zero 
on Fahrenheit’s fcale* equals 15*61,2. 
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* By the fame hydroftatic balance it appears, the itnoe Mr* Sp« Or. wlm j 
cury in a (iuid (late, the thermometer landing at 47 dcgroOt 13 !^^ * 

above zero, is 13,545. 

By thefe experiments it appears, the difference of denfitjr 
between its fluid (late, at the temperature of 47^ above zeroi 
and its folid (late, at 40^ below zero, is 2,0673 in 13545, or 
1,5265 in 10 , which is 15,265 per cent, that is, nearly 4tb 
of its greatefl volume, or nearly -^th of its lead volume. 


VIII. 

Objhrvations on Mr, Roswell’s Geometrical Propofitions, Bp 
An Old Correspondent, 


To Mr. NICHOLSON. 


SIR, « Marche, 1805. 


HEN your ingenious correfpondent Mr. Bofwell fent On Mr. Bof- 
to you his difcovery of a ready method of determining a 
chord- line equal to the (jde of a (quare of the fame area as the 
circle in which it is drawn, it (hould feem that he was not 


aware that the quantum of error might be afcertained by cal* 
culalion, as you have dope in the fubjoined note, otherwife 
hejvould not have fatisfled himfelf with the mechanical proof 
which he has adduced as a ted of its accuracy. Had it oc- 
curred to you, 1 arn perfuaded you would with equal facility 
have fliewn, that this gentleman’s other fa£l in geometry” 
is dill more erroneous, though announced with a degree of 
confidence which appears to have arifen from a roidaken 
convi^ion of fuch obvious accuracy as* flood not in need of 
proof. 

A right line (B E), (ays he, drawn from the extremity B ' 

qf the line 1 B, at right angles through th^ oppofite diameter 
(I F) to the drcwtderence, will be equal to a fourth of the cir^ 
cunference,^* • 

Let us try how fgr this alTertion is founded in truth. But OverfightbySii* 
before we enter upon the examination, I will b^ leave to 
point out a circumdance in your note, page 152 in your lafi * \ 
niimberi which, having arifen out of inadvertence in your • 

tranfcribing 
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^ sSv 

tninrcribing it mod probably, may tend to puzzle youf 
erf, and among (he red perhaps Mr. Bofwell himfelF, who 
mud be the mod intereficd ; You have faid, as the radius is 
to IW, fo is the diameter to IB,” (Plate VIII. Fig. 10); 
but I take it for granted you meant, as I W ts to radius, 
Jb is the diameter to I B,” bocaufe this analogy is agreeable to 
Farther e)uclda-the rcfult ot your calculation. And as you have not men- 
tion of the note, tioned how (he cloflrinc of fimilar triangles applies in the con* ^ 
Arudlion of the figure, I hope you and your numerous readers 
will not deem me prcfumptucus, if I introduce the diagram 
again with fome additions, particularly as it will give me an 
opportunity of proving more intelligibly the error of the fccond 
^ . propofition already quoted. Any triangle formed in a femi- 

circle, of which the diameter is oik: tide, with its oppofite 
angle at the circumference, is a right angled triangle (Eucl. III. 
Prop, xxxi.) : I'his will be the cafe in Mr. Bofwell’s figure 
if a right line be drawn from B to F, the right angle being at 
B; and as the angle at I is common to the fmall right angled 
triangle I O W, and to the large one I B F, the two (liangles 
are fimilar, and therefore the hypolhenul'e I W of the fmall 
one is to its bafe I O, as the liypolheniife I F (or diameter) is 
to the bafe I B of the large one. Q. E. D. 

How far Mr. With refpeft to the fecond propofition, it is very well 
B.’s fecond pro- [^^own (Eucl. III. Prop, XX.) that the angle formed at the 
flitc. cenlie of a circle is double of the angle at (he circumference, 

if they have the fame common chord as a bafe; now in the 
triangle I O V/ (Plate XL Fig. 4), the fides I O being 
given = .5, O W = .2.5, and therefore 1 W =i .55901, we 
have, by a fimplc cafe In plane trigonometry, the angle at 
I = 26^’ the double of which is 53° 6' 10”.86 for 

the angle B O F at the centre ; but B O, one half of (he line 
B E in qucflton, is the fine of (his angle, and in natural num- 
bers is, by the tables, equal to.799716S, when unity is ra- 
dius ; but, in our figure, the diameter reprefents unity, there- 
fore the doublc'fme, or chord line, B E is = .7997163, whichi 
according to Mr. BofwelPs afferlion, ought to be = .7854, of 
one-ffnurth of the circumference 3.14IG; hence the error is 
' .0143163, or very nearly -^ylh of the whoie. 

Apology to tbefe As I have not the pleal'ure of knowing Mr. Bofwell, noU 
nmaritt. Withfianding I have admired fcveral fpecimens- of his ingenu-' 
ity, and as 1 profefs to be a promoter of all arithmetical ap* 

proytmationi 
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proximalton!! and fcientific pfojedts, thal have for their 
fiicilfty bf dlpplicatibn» and utility for their obje^^ I fo 
far as thby have accuracy to recommend them« I trull he wilt 
not impute any motive of a perfonal nature to me^ but give 
me credit for the declaration^ when £ atfert, that the implied 
invitation collected from his memoir, to afcertain the accuracy 
of any of hit projedls, has been iny only inducement for laying 
^ before the public the prefent paper. 

I am, Sir, 

With due refpeft. 

An Old ConREsroMoaNf, 


IX. 

A lilcmoir on Milk and the LaQic AcUL By Cit^ Bouillon 
Lackangk. 

(Concluded frOm page I44.) 

TThE muriate of foda, and more efpecially the muriate of Curd ii not fe* 
lime, affords a proof of this, Thefe falls etfedt a feparalion of 
the curd only in part ; and, neverthelefs, the muriate of lime of water, 
has a very great atiinity for water ; the decompofition ought 
therefore, in this cafe, to be made in a more ftriking manner 
than with the acids. 

Whey is not therefore the produdl of fermentation. The Whey not • 
alcohol obtained from milk does not prove that this formation 
is neceifary in order to obtain the ladtic acid j for this lalt may 
be obtained from a ferum recently prepared. 

W^ilh regard to the formation of the carbonic acid indicated Carbonic add in 
in Uie fixih experiment, it is owing to the decompofilioh of '^*'*>* 
a fmall portion of ^imal matter, and part of the fugar of milk 
ditfolved in the ferum. The more of thefe fubHances U de- 
compofed the greater will be the quantfly of carbonic acid 
formed, and accordingly the degree of acidity is more marked 
on account of the prefence of the carbonic acid ; but ail the 
acid be expelled, dhe ferum is milder, and not fo four as ihat * 
which has been for fome time expofed to the air. 

If the ferum be expofed to the air for teb or twelve <hiys. Acetic ic d, 
in proportion as the faccharine matter is decompofod tbe whey * 

VoL. X.-*-Ai*bil, lb05. S becomes 



m 


Whither the 
falts in whey 
render it Court 


Zoonic acid by 
diftilling milk$ 


IS acetous add# 


Curd contains 
^hofphate of 
lime« 


Erammation of 
whey feparated 
by different 
agents* 


beco 9 (eg moce acid* Tbcfe degrees of acidity are owii^ to ^ 
frpail quantity of acetic add, formed by the aid of carbonic 
acid and alcohol remaining in the liquor, which tnuft naturally 
angment the acidity of the acid already formed in the milk* 

. With regard ao the fecond queflion. Whether whey exhi» 
l|uls acid properties tmly on account of the (alts, it bolds in 
folution? ** 

1 have proved that the acid may be feparatod from the faline 
matters without expoting the milk to the air for a certain time, 
as Scheele has diredted ; and the experiments 1 fhall relate in 
this memoir will afford additional proofs. So that its acid 
properties do not depend merely upon the faltii it holds in 
foluiion, and the lactic acid is not produced by a fermentation 
fimilar to the acetous. 

Though the adion of caloric upon milk is generally known, 
I fliall neverlhelefs make an obfervation upon the acid ob- 
tained by diliillation with a naked fire, which has for feveral 
years been known by the name of the ^oonic Acid. 

If this acid be purified and combined with potafii, a fait 
is obtained, which prefents all the characters of the acetate of 
potafi). 

I mull alfo obferve the cheefy matter in w hich fome che- 
mids have been unable to find phofphate of lime, as announced 
by Scheele. To obtain this, nothing more is necelfary than 
drongly to heat this fubflaoce in a crucible after having well 
wathed it, and to calcine it to whitenefs. 

The refidue is a bard white matter, of which fome fmall 
pieces, veined with blue, may be compared to the turquois. 

The nitric acid difiblves it without edervefcence ; lime- 
water and ammonia occadon a fiocculent precipitate of phof- 
phate of lime. 

The oxalate of ammonia alfo demonfirates the prefence of 
lime* # 

SECTION III. 

f j 

Concerning the Strum of milk. 

Being defirooft of knowing whether there is any difference 
between the wheys obtained from milk by different fubdanccs, 
I made ufe of the, mineral acids, fome vegetable acids, faUs# 
fuqb as^aium; jlhe acidulous tartrite of potafh, &c. The coa- 
gulating fubdance was employed in due quantity ; as 1 had 
3 reparked^ 
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remarked, that when an excefs of acid is ufed, U is foand to 
• ^iflin the ferum; whereas, when the neceflary qoastily is 
ufed, it is found in the cheefe only. 

After having feparated the cheefy matter the ferum was It !• the fame 
clarifi^ ; the wheys were found to have all the bme tafle aiul 
colour, and poflefled the fame degree of acidity/ 

This freih whey turns fyrup of violets green : This property it affedifyrup 
mud be attributed only to the union of the yellow and blue, ^‘®***®* 
and not to faline matters, as chemids have aderted. Whey, 

\vhich has lod its colour by expofure to the air, reddens (he 
fyrup of violets. 

The means employed to afcertain the acids which had been 
ufed to coagulate the milk, did not exhibit even the fmallefi 
quantity when the operation was performed with exadnefi. 

I made a comparative examination of the ferum which had Sour ferum by 
become four in the open air ; and 1 obtained, by expofing the ^ 

milk, the fame phenomena as were pointed out in the (econd 
feflion and third experipient. 

The fpontaneous ferum differed, 1. In its tade, which was differed from 
more acid; and, 2. Its colour, which is dull and whitifli, ®^****^ ^®*^*“"* 
owing to white filaments which are feparated. It may be 
had clear by dltrationi without acquiring the colour of fiefli 
whey. 

The cheefy matter refulting from tbeifeveral cxperimants Cheefy matters 
before related, gave the fame red with tindture of turnfole. 

If it be calcined and treated with the known re^agents, the 
prefence of fulphuric acid will be indicated if this acid has 
been employed in the coagulation, and alumine when alum 
has been made ufe of. 

I do not therefore fee any inconvenience, in preparing whey Alum or fulphu- 
for the purpofes of pharmacy, to coagulate the milk with ^ 

or the other of thefe fubdances, more efpectally if the pceipau- coagulate milk, 
tions I have roeqtioned be attended to. ThoTe who have 
thought it UDwholefome to coagulate milk with alum, have 
doubtlefs made no experiment on the fobbed. 

Oxigen gas is not abforbed by the ferum ; even agitation Oxigea and (V 
does not facilitate its union. , ^ 

The adlion of Ume-water, the folution of barytes, (IrpDtian, Other agents* 
and fome metallic falls, though aheady known by chmifls, 
require to be again examined, and will enable me to explain, 
the proceffes for obtaining ladtic acid. 

S 2 


SECTION 
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SECTIOl^ IV. 

On the Sugar of Milk. 

Whfilier acetic The formation of acetic acid does not arife merely from the 
ari?e'fiomthc of the fngar of milk; and though the expeftments 

decompofition of already defcribed admit of certain conjectures, I have afeer- 
its fttgar. tained whether a like quantity of fugar of milk could be ob- 
tained from fre/li ferum and a ferum expofed for twelve days 
at a temperature from 1 1- to 20 degrees. 

A little fugar is I have found that (our milk affords a fomewhat lefs quantify 
ftiwdTng^^ of fugar of milk, which proves, that a portion of ihc laccharino 
matter was employed in forming a quantify of acetic acid. 

We may therefore obtain carbonic: acid, alcoiiol, and acetic 
acid, cither by confining whey in dole vellcis, or by leaving 
it expofed to the air. 

Other experiments made on pure fugar of milk indicated 
nothing remarkable. 

Habitudes of It does not redden tinflure of turnfole. When dilTolved 

fugar of milk, water and expofed for a long time to the air, it does not 

become acid. By diilillation it affords acetic acid along with 
the known products. 

It is foluble in weak acetic acid. If a fmall quantity of 
freQi gafeous matter be added, it is foon found that the liquor 
holdi it in folution. By pouring in a few drops of alkali to 
faturate the excefs of acid, it loles its tranfparency, becomes 
turbid and milky, with a mild tafte refembling that of milk, 
and preferves its opacity for a confiderable length of time. 

General refults The following refuUs are deducible from tlie preceding 
refpeding milk. 

1. New milk reddens the tinflure of turnfole. 

2. The cheefy matter may be foparated w ithout contafl of 

the air. * 

3. The ferum does not retain the acids made ufe of to coa- 
gulate milk. 

4. Diilillation either of milk or of fugar of milk to drynefs, 

c affords the acetic acid. 

5. The formation of carbonic acid and alcohol is owing to 

^ muro-facchai ine matter. • 

6. A quantity of acetic acid is formed by the fermentation 
of tbefe fttbllances. 


7. The 
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7. The cheefy matter; when feparated, alwrays maniPe^ 
the prefence of an acid, and ditfers in tade and conllftenc0 
according to the matters employed in its reparation. 

8. When wafhed and affording no iign of acidity, if it be 
afterwards diffufed in didilled water for feveral days, at a 
temperature between 15 and *22 degrees (about 63 and 80 
Fahrenheit)? it acquires a drong difagreeable odour; the fluid 
ilight'Iy reddens turnfolc, and lime difengages ammonia. 

9. The ferum and the cheefy matter contain, befides the 
known fubflances, phofpliate of lime, as Scheele had an- 
nounced. 

10. The difference which cKids between frefli ferum and 
tlint which lias been expofed to the air, confifls in the acetic 
acid, which is prefeiit along with the free acid in the milk. 

11. Ladly, there exids in milk and the ferum a free or 
^ncombined acid, which Teemed to me to be the acetic acid. 


'SECTION V. 


Concirniitg%he iM^ic Acid, 


Scheele having afeertained that it is not poflible to obtain L.iAic acid, not 
the acid by dmple didillation, had rccourfe to peculiar 
thods to effect this reparation. tien. 

This chemid fird reduced the whey to one-eighth by eva- Scheclc's pro- 
poration; he then filtered it, and there remained, according 
to him, no more cheery matter. to one-eighth. 

He raturated the fluid with lime-water, and phorphate 

1 - . . , » . * * , with lime-water, 

lime was precipitated : 1 his liquor having been nitrated and ,,hich thiowi 

diluted with three times its quantity of wkter, he poured in **^**pflote* 

oxalic acid drop by drop, to teize and precipitate all the lime; with water. Pie- 


and he afeertained, by the addition of a little lime-water, 
that no more oxalic acid remained, fie evaporated the liquor 
to the confiflence of honey ; the Thickened acid was re- 
diflblved in redifled alcohol; the fugar of milk and all the 
foreign fubflances remained on the flltre, not having been 
diffolved by the alcohol. Laflly, after having again added a 
Kttle water to the acid held in folution by the alcohol, he 
drew off this laft fluid by diflill^tion, and found the ladib ecid 
in the retort. • 


cipiutc lime by 
oxalic acid. Eva* 
porate to mucout 
confiftencc. Dif- 
folve the acid in 
alcohol and Alter. 
Then add water, 
and dlftil olF the 
alcohol. Rcfidui 
ii ladlic acid. 


This long and expeniive procefs 4oes not affprd a pure It is not pore# 
acid. It was therefore neceffary to adopt a Ampler procefs 
before its nature was examined. * 

Ejpcrimtnt 
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With frefli whey Experiment 1. If infleftd of expofing whey to the air as 
bSncd^^ ** Sche^ dire^S the procefs be immediately performed on the 
frefli whey « a very fmall qaantity only of acid is obtatnedi which 
is lefs coloured and has a more animal fmelL 

This acid appeared to me to be uncombined in the nilki as 
its quantity was fu fmali. 

Ifbaryteior Experiments* Inflead of uiing lime-water and the oxalic 
*lwik*ac!d ^ barytes or flrontian and the fulphuric acid. By 

ufed inftead of this means I obtained an acid no lefs pure than that of the 
the lime-wattr^^Swedifti chemifl. 

Scheele the re- Experiment ^,1 had likewife attempted to decompofe a 
folt it equally la6iate of potafli with acetate of lead, expe6ling to form a 
P^^'with la^Ate of lead decoinpoiable by the fulphuric acid; but the 

acetate of lead precipitate thus formed is not a lactate of lead, for when a 
uafuccefsful. fofficient quantity of fulphuric acid is added for the purpofe of 
decompofing it, no uncombined acid is fei at liberty* It ap- 
pears that part of the oxide falls down with the animal matter; 
and this compound is even to a Mrtain degree foluble. It is 
alfo found that the fluid always rAins much acetate of lead in 
Iblution. 

We therefore fee that though this procefs has been pointed 
out as fuperior to that of Scheele, it is certain that it cannot be 
employed to obtain the ladic acid. The following experi- 
ments were made on the la^ic acid of Scheele. 

Ltd^lc acid of 1* The inteniity of its colour may be diroiniflied by grind- 
ai^Md ^ f^iejee of red hot charcbal in a mortar, and pouring the 

ladtic acid upon it. A quantity of fmall flakes were feparated 
which rofe to the furface. The fluid was (lightly boiled and 
filteredi and the acid was then lefs coloured, and had lefs 
odour. 

2. When this acid is diflilled in a retort acetic acid pafles 
over and a thick yellow «very acid matter remains. 

3. It may perhaps be thought that part of this acid becomes 
changed into acetic acid by the afliflance of caloric, as Ber* 
thollet obferves in Chemical Statics. 

The ternary acids, as dhis chemifl obferves, may be 
changed into acetic acid, when by the aSion of heat they 
abandon part of their carbon, and their elements, which reflft 
this action lefs, are feparated by volatilaxation.” 

I have afeertained that great part of this acid previoufly 
exifled in the fluid. 


Ltdic acid of 
Scheele ex- 
amiiied. 


3. The 
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5* The fame phenomena take place^ but more flr!kiit|^y« . 

if whey bedidilled which has been expofed to the atr at the 
temperature of 15 or 20 degrees (60 and 68 Fahrenheit) for 
about a fortnight. The firA product is a clear tranfparent fhltd 
of an aipid taAe» and odour of alcohol, which when combined 
with potaA), forms an acetate. 

If alcohol be added to what remained in the retort, it be* 
comes coloured. After decantation and diAillation, an acid is 
found in the retort of a peculiar odour, animalrzedi and re- 
feihbling the preceding; but the acid contains a very fmall 
quantity of phofphate of lime. 

Thefe experiments confirm the obfervations I have made : It ‘is a i^iied 
1. That a mixed acid is obtained by the procefs of Scheele, 
and 2. That an acid exiAs in milk and in whey recently 
prepared. It remains to foew the nature of that acid. , For 
that purpofe I prepared the laflic acid according to the procefs 
of Scheele with every necetfary precaution. 1 even afccrlained 
the purity of my alcohol, which having been diAilled from 
muriate of lime, marked 40 degrees of the aerometer of Reau- 
mur. 

The labile acid when diffolved in alcohol was fubmitted to When di/rolved 

diAillation. There pafTed into the receiver an alcohol which a><i*’hc»Uome 

. . II . « r A r j *ci<i cornci over 

reddened the tincture of turnlole. the iptriu 

When the acid w’as totally deprived of alcohol the diflilla- uaic acid ra- 
tion was Aopped. The ladlic acid of Scheele remained of a"***''®*** 
yellow colour and very four taAe. 

Experiment 1. I mixed quick time with this concentrated It give out tm- 
acid, and a difengagement of ammonia took place.* 

Experiment 2. If a ladtate of potafh be formed and evapo- LaAitc of potifh 
rated by a gentle heat, a brown matter is feparated, which is 
infoluble in water. This being afterwards heated in a cruci- ^ 
ble, the fait fwclU up and emits an minimal odour. The pre- 
fence of pruffic acid was proved by diflblving the remaining 
matter in water and adding a fmall portion of the fulphate of 
iron in folution* * 


* I had before afeertained the prefence of ammonia in thjis acid* 
1 announced it on the 15th Nivofe to the Society of Pharmacy. Mr. 

Vauquelin, who was not acquainted with this fa£f, informed me at 
the reading of the SrA part of this memoir that he had alfo afeer- 
tained the prefence of an animal matter in the laftic acid of Scheele. 

Experiment 



LACtlC AC|]&. 


m 

lulph*. acid ^ Experimint 3« If fulpburic a^id |;:»e sodded lo la^ic acid, or 
^ to a la^te of potafh, a difonxi^eir.ent takes place not only of 

aceeont acid. acetic acid, but alfo. of an elaftic fluid, which forms a thick 
cloud wjien in coiita£t with ammonia. 

Piftaiation. Experiment 4. When the preceding mixture is djftilled in 
an apparatus proper to receive the gafeous product in water, 
the diftilled water of the bottle preft^rves its tranfpyency ; the 
fmell of acetic acid is very evident; it reddens tumfple and 
precipitates the muriate of (ilver. 

When a fmall quantity of ammonia tyas brought (^ear the 
tube out of which the gas ifTued, a very, denfe cloud wa^ 
formed. 


yirc decompofcd Expcrimer^ 5 What was left in the retort was evaporated 
the acid of the to drynefs. This refidue w'as brown, very acid, and when 
bdtate of potaih. afterwards heated in a crucible of platina, fwelled qp and 
left a coal. 

Paring this operation a fmall quantity of fulphupc apid wa? 
dccompofed. 

The matter that remained in the retort was dKToIved in dif«< 
tilled water. The folution did not redden turnfole, but it gav^ 
a brown colour to paper tinged with curcuma. A little 
fulpburic acid w'as added to faturation, and after evaporation 
cryflals were obtained by cooling, which exhibited the cha* 
racers of fulphate of potafli, 

the fupernatant liquor had a metallic tatte, prufliate of 
lime was poured on it, which produced a bluid) tinge, 
sc'id de- Experiment 6. The la^ic acid may alfo be concentrated to 
eofppofeci hy fire drynefs ; heated to incineration in a crucible ; afterwards dif- 
leaves pouih. jp ^ diftilled water and precipitated by nitrate of filver. 

T A muriate of filver is formed which may be feparated by tha 
ftlter; and the fluid which contains the nitrate is then evapo- 
rated and decompofed by heat. A white matter remains, 
which when diftblved in water, affords with the tartareous 
acid an acidulous tartrite of potafh. 


' Component parts 
of Scheele*8 
pcid. 


Hence I conclude that the la£lic acid of Sdieele is com- 
pofed of acetic acid; muriate of potafli; a fmall portion of 
iron probably diftblved in the apetic acid; and an animal 


maltef* 


An 
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X. 

An AnalyJhi of the Magnetical Pyrites; with Hemarktm Jbme of 
the other Sidphurets of Iron, Charles Hatchett, 

£/(/, F, R, S, Frof}} the Philofophical Tranfaclions for 180 ^* 

5 I- 

V-fF Ihe various metallic fulphurets which conftilute one ofUiiivetfsl dif- 
the grand divifions of ores, none appear to be fo univerfally 7^^ 

perfed throughout the globe, as the fuiphuret of iron, coramonly phureii ot ir^a. 
called Martial Pyrites; for the fpecies and varieties of this are 
found at all depths, and in all climates and foils, whether 
ancient, or of alluvial and recent formation. It is remarkable 
alfo, that, under certain circiimnances, this fuiphuret is daily 
produced in the humid way ; an inftance of which, a few years 
back, I had the honour, in conjiindtion with Mr. Wifeman, to 
lay before this Society^ * and although, in regard to pecuniary 
value, the pyrites of iron may be coniidered as ^mparatively 
infignificant, yet there is every reafon to believe, that in the 
operations of nature, it is a fubdance of very coniiderable 
importance. 

§ IL 

The fpecies and varieties of martial pyrites, ire in general fo Among the 
well known, and have been fo frequently and accurately de- 
feribed, as to figure, lullre, colour, and other external charac-f‘»f 
ters, (hat it would be totally fuperfiuous here to give any poUnty* 

tailed account of them. One of the fpecies, however, merits 
peculiar notice, as potTetling the remarkable property of drong 
magnetic polarity; and, although It has been deicribed by mo- 
dern mineraIogids,f it does not appear to have been as yet fub- 
je^ted to any regular chemical examination ; fo that, whether 
it be a fuiphuret of iron inherently endowed with the magneti- 
fXil property, or a fuiphuret in which particles of the ordinary 
magnetical iron ore are fimply but minutely interfperfed, has 
to this time remained undecided. 

* Phil. Tranf. for 1798, p. 567. 

t Kirwan, Vol. II. p. 79. WIdenmann, p. 793. Emmerling, 

2d edit. Tom. II. p. 2S6. Karftcn, p. 48. Brochant, Tome II. 
p. 232. 
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Tin's rpecl6» is known by the name of Magnetical Pyrites, 
and is called by the^ Germans Magnet* AT/esi or Ferrum mntralU 
fatwn m^gnctico-pyritaceum. 

It is nioft frequently of the colour of bronze, to a 

pale cupreous-red. 

The luftre is metallic, 

Thefradure is unequal, and commonly coarfe-giained^ but 
fometimes imperfcfliy conchoidal. 

The fragments are amorphous. ' 

The trace is yellowithrgray, with fome metallic liiflre. 

It is not very hard; but, when (Iruck with Heel, fparks are 
produced, although with fome difhculty. 

It is brittle, and is eafily broken. 

This pyrites has been hitherto found only in fome parts of 
Norway, Sileda, Bavaria, and efpecially at Geier, Mefferfdorf, 
and Breilenbrunn in Saxony ; but, having received fome fpeci- 
mens from the Right Hon. Charles Greville, F. R.S. I was 
ftruck with their refemblance to the pyrites of Breilenbrunn, 
which happened at that time to be in my ponTelTion ; and, upon 
trial, I found that they were magnetical, and agreed with the 
latter in every particular. Their magnetic power was fuch as 
ilrongly to affedt a well-poized needle, of about three inches in 
length; a piece of the pyrites, nearly two inches fquare, afled 
upon the needle at the diftance of four inches. 

The powder (which is black i(h*gray, with but little metallic 
luftre) is immediately taken up by a common magnet; but the 
pyrites does noi a^ thus on the powder, nor on iron filings, 
unlefs it has been placed for fome time between magnetical 
bars; then indeed it ads powerfully, turns the needle completely 
round, altrads and takes up iron filings, and feem$ permanently 
to retain this addition to its original power. 

In the fpecimens which«I obtained, the north pole was ge- 
nerally the ftrongeft. 

This pyrites was found in Wales, about the yefir 1798, by 
the Hon. Robert Greville, F. R. S. who fent the fpecimens 
above deferibed to his brother, the Right Hon. C. Greville, 
with thf following account. 

It is found in great abundance in Caernfirvonfltire, near 
** the bafeof the mountain railed Moel Elion, or probably with 

more accuracy Moel M\h, and oppofile to the mountain 


called 
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' ^ called Mynydd Mawr. Thefe mountainn form the enlraece 
into a little clofe valley^^ which leads to Cywelltt) )ilce« near 
** Snowdon, a little beyond the hamlet of Bettws. 

The vein appears to be fome yards in depth and bread(li« 
and feems 'to run from north fo fouth, as it is foond on 
Mynydd Mawr, which is acrofs the narrow valley, and 
** oppofiie to Moel ^Elia." 

Mr. R. Greville, in another part of his letter, dates that 
copper ore has been worked in feveral of the adjacent places, 
and that, many years ago, Capt. Williams, of Gian yr Avon, 
employed fome miners at the place where (his pyrites is found, 
but the undertaking proved unproductive. Yellow copper ore 
is certainly in the vicinity ; for fome portions of it were adherinjf 
to the fpecimens which have been mentioned ; and I (hall here 
obferve, that the (lone which accompanies the magnetical 
pyrites, is a variety of the lapis oilaris or pot-ltone, of a pale 
grayilh-green, containing fmooth cubic cry dais of common 
pyrites. 



§ III. 

From the appearance of tliofe parts of the magnetical pyrites Magnet»c>y- 

which have been expofed to the weather, it feems to be liable *’*^5,'* 

, * . , . osidable by tb« 

to oxidizement, but not to vitriolizalion. weather. 

The fpecific gravity, at temperature 65^ of Fahrenlieit, isSp. jravi^. 
4518. 

When expofed to the blowpipe, it emits a fulphureous odour, EfTeft of mere 
and melts into a globule nearly black, which isaltraCled by the ***‘’'*'* 
magnet. 

Five hundred grains, in coarfe powder, were expofed, in a— in a crucible | 
fmall earthen retort, to a red heat, during three hours. By 
this operation, the weight of the powder was very little di- 
tninifhed; neither was there any appearance of fulphur in the 
receiver, which however fmelt. ftrongly of fulphureous acid. 

Five hundred graii>s of the fame %vere put into a flat porce-— inthemuAii 
Iain crociMe, which was kept in a red heat, under a muffle, 
during four hours. The powder then appeared of a dark gray, , m 

with a tinge of deep red, and weighed 432.50 grains. The 
lofs was therefore 67.50 sz 13.50 percent but, upon examining^ 
the refiduum, I found that only part of the fulphur had been 
thus feparated. 


The 
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Partly* iofuMc The magnetical pyrites^ when dige/ied in dilute fulphuric 
in riiliitefalplN is partially diflblved, with little effervefcence, although 
there is a very perceptible odour of fulphuretted hydrogen. 

The folution is oF a very pale green colour. 

Precipitates^ Pure ammonia produced a <fark green precipitate^ tending to 
black; and prufliate of polath Formed a very pale blue preci- 
pitate, or rather a vvliite precipitate mingled with a furall portion 
of blue. The whole of the latter, however, by expofure to the 
air, gradually aHTumed the iifual intenfily oF PrulTian blue; and 
the blackitli green precipitate. Formed by ammonia, became 
gradually ochraccous. TheFe effecl'i IhercFure Fully prove, that 
the iron in the folution was, for the gi eater part, at the minimum 
of Qxidizement, fo as to form the green fulphate, and white 
prudjate, of iron ; * and, confequently, that the iron of the 
tnagnelical pyrites is either quite, or very nearly, in the ftate 
uF perfcdl metal. 

EfFc-a of nitric This pyrites^ when treated with nitric acid, of the fpecific 
gravity of 1.33, diluted with an equal quantity of water, is at 
tird but little afie£led; but, when heat is applied, it isdiflblved, 
with much elfervefccnce, and difeharge oF nitrous gas; (he 
efFervefcence, however, is by no means Fo violent as whqn the 
common pyrites are treated in a iimilar manner. It is alFo 
worthy of notice, that if the digedion be not of too long dura- 
tion, a coniiderable quantity offulphur, infiibfiance, isFeparaled; 
whild, on the contrary, fcarcely any can be obtained From the 
common pyrites, when treated in a fimilar manner; although I 
(hall fooii have occafion to prove, that the real quantity of 
fulphur is much more coniiderable in the latter Ih^^n in Ihp 
former. 

Of muriatic As foon as muriatic acid is poured on the powder of the 
acii. magnetical pyrites, a flight effcrvefcence is produced, which 

becomes violently increaffd by the application of heat; a 
quantity of gas is difeharged, which, by its odour, by its in- 
flammability, by the colour of the flame, by the depofltion of 
fulphur when burned, cand by other properties, was proved to 
^e fulphuretted hydrogen. 

^ During the digedion, fulphur was depofitcd, which fo en- 

' 0 veloped'a fmall part of the pyrites, as to prqteQ it from the 

farther adion of the acid. 

* Recherclics fur le Bleu de Prude, par M» Proud. Annales ds 
Chimie, Tome XXXIl. p. 85. 


'The 
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The folution was of e pale yellowl(h-green colour* With Mufittk 
pru(Ga(e-oF poiafh it afforded a pale blue precipitate, er rather a i 

white precipitate mixed with blue; and with amnionia H formed 
a dark black ilh-green precipitate, which gradually became 
ochraceous; fo that tlicfe effedts corroborated the conclufiona 
which w'ere founded on the properties of the fulphuric folution, 
namely, that the iron contained in the pyrites, is almoll, if not 
quite, in tlie metallic Hate. 

Other experiments were made; but, as they merely confirm 
the above obfervations, 1 fliall proceed to give an account of 
the analytis, 

§ IV. 

ANALYSIS OF THE MACNETICAL PYRITES. 

A. One hundred grains, reduced to a fine powder, were Analyfif. 
digefied with two ounces of muriatic acid, in a glals matrafs 

placed in a fand bath. The effects already deCcribed look rfigefted in mu- 
place; and a pale yelh^vilh-green (blution was formed. The p^Jlian^iuiion. 
rellduum was then again digefied with two parts of muriatic KeriJur tic^iced 
acid mixed with one of nitric acid; and a quantity of pm'e^'.j' 
fulphur was obtained, which, being dried, weighed M- grains, fulphurfepi- 

B. The acid in which the reiiduum had been digefied, 

... . ^ ^ . . .. Tothcaodfo- 

was added to the firfi muriatic iolution; tome nitric acid was lucium wa^ adelfd' 

alfo poured in, to promote the oxidizement of the iron, and fome nitnc acid 
thereby to facilitate the precipitation of it by ammonia, which predp. by* 
was added aflter the liquor had been boiled for a conliderable ammonia. The 
time. The precipitate thus obtained was boiled with lixivium pot- 

of polalh; it was then edulcorated, dried, made red-hot with alh and ilien rc« 
wax Ml a covered porcelain crucible, was completely taken wp tablawk 
by a magnet, and, being w«tghed, amounted to 80 grains. 

C. The lixivium of potaQi was examined by muriate of The pot^tli iix- 
ammonia, but no alumina was obtained. 

D. To the filtrated liquor from which the iron had been pre- The firft foiii- 

cipitated by ammonia, muriate of barytes was added, until it m 

ceafed to prodace any precipitate; this wfes then digefied with S[rot''batV"'*^* 
fome very dilute muriatic acid, was colledled, waflied, and, 2^*’*^^“*5|***® ^ 

after expofure to a low red heat for a few minutes in a crucible * 

of i^latina, weighed J. 55 grains. If therefore the quantity of ihc quantity of 
fulphur, convened into fulphuric acid by the preceding oper- ^ 
ations, and precipitated by barytes, be calculated according (o 

the accurate experiments of Mr. Cbenevix^thefe 155 grains of • 

^ liilphate 
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BHimate of the 
fiire iron in the 

wide* 


Component 

parts* 

Sulphur 4* and 
ifOiD 7* 


iinalyfisre- ^ 
peated hy acidi • 
tying all the fuU 
fibur by nitric 
add* Same re- 
ftilt. 


Tlie iron in this 
andinallpyrites» 
is very neariy i» 
the metolUc 
Bate. 


fhlphhfe4>f barytes will denote, nearly, 22.50 of fulii^iar ; fo 
that, willi the addition of the H grains previoufly obtained in 
fubftance, the total quantity will amount to S6.50. 

£. Moreover, from what has been Hated it appeairff that 
the iron which was obtained in the form of black oxide, 
weighed 80 grains; and, by adding tbefe 80 grains to the 
36.50 of fulphur, an increale of weight is founff ss 16.50. 
I'his was evidently owing to the oxidizement of the 
wliich, in the magnetical pyrites, OxiHs quite, or very neariy, 
in the metallic Hate, but, by the operations of the analyHs, 
had received this addition. The real quantity of iron muft, 
on this account, be eHimated at 63.50. 

One hundred grains, therefore, of the magnetical pyrites, 
yielded, 

^ Sulphur I 1 3S.50 grain*. 

Iron £. =: 63.50 


100 .- 

This analyHs was repealed in a iimilar manner, excepting 
that the whole was digeHed in nitric acid, until the Ailphur was 
intirely converted into fulpliuric acid. To the liquor which 
remained after the reparation of the iron by ammonia, muriate of 
balf^tes was added, as before, and formed a precipitate which 
weighed 245 grains. Now, as the fulphuric acid in fulphate of 
barytes is eHimated by Mr. Chenevix at 23.5 per cenU and 1^: 
fulphur which is required to form the fulphuric acid contained 
in 100 parts of fulphate of barytes, at 14.5 il follows, that 245 
grains of dry fulphate of barytes, contain fulphuric acid equal, 
very nearly, to 36 grains of fulphur ; fo that the two analyfes 
corroborate each other. The proportion of fulphur in the mag- 
netical pyrites, may therefore be Hated at 36.50, or indeed at 37 
per cent, if fome fmall allowance be made ibr the. occaHunal 
prefence of earthy particles; a' minute portion of quartz having 
been found, by the la^ analyiis, after the complete acidification 
of fulphur. 

The increafe produced, by the operations of tho analyfis, 
in the weight of the iron, arofe, as 1 have already remarl^ed, 
from the addition .of oxygen ; for the iron, as obtained by the 
analyHs, was in the Hate of black oxide; but in this, and 

* TranfaStions of the Royal Iriih Academy, Vol. VllT. p. 240. 

indecjfl 
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indeed in all fiyrUes, it undoubtedly exifts ymf df 

fpiite, in the Hate of perfea metal. Now the 
iron, called Protoxide by Dr. Thomfon *, has* been proved^ 
by lievoi^r and Prouft, to confifi of 100 parts of metallic 
iron comUned with 37 of oxygen, thus forming 137 of black ^ 
oxide ; the exafl proportion of oxygen is therefore 27 per 
ccntt and efO grains of this oxide muil contain 21 .6 of oxygen. 
<But, in the above analyfes of the magneticai pyrites, the 
increafe of weight did not an^unt to more than 16.5 ; and we 
may therefore conclude that, in all probability, a quantity of 
oxygen = 5.1 was previoufly combined with fome part, or 
with the general mafs, of the iron in the pyrites. A fmall 
part of the abovementioned increafe of weight, muft likewife 
have arifen from another caufe ; for, although the true propor- 
tions of' the black oxide of iron are 27 of oxygen and 73 of 
iron, (fo that 100 parts of the latter abforb 37 of the former,) 
yet, tn adlual pra^ice, it is difficult to obtain it exactly in this 
Aate, and there is coinrooniy a fmall excefs of weight : this 
I have repeatedly obferved, in many experiments, fome of 
which were purpgfely made. When, for indance, 100 parts 
of fine iron wire were dilTolved in muriatic acid, and after- 
wards precipitated by ammonia, edulcorated, dried, and made 
red-hot w^ith a fmall quantity of wax in a covered porcelain 
crucible, the weight, intlead of 137, ufually amounted to 139 
or 140. The quantity of wax employed, certainly did not 
afford a ponderable quantity of coal, or other refiduum ; but 
the real caufe of the Increafe of weight, appears to be the 
air, which can fcarcely be completely excluded, and which, 
aficr the wax is burned, combines with the fuper/icial part of 
the oxide, and converts a portion of it into the red or per- 
oxide ; fo that the furface in the crucible appears brown, when 
compared wjkh the interior. ‘ 

To this CAMfe, therefore, I am inclined alfo to attribute a 
imall part of the increafe obferved in the weight of the iron 
obtained by the preceding analyfes. * 


i 


Before I make any obfervations on the nature of the ful- Comparative , 
eh uret which has been proved to confiitute the magnolical ®*®***' 

^ ® pyrites, by ati* 

♦ Syhem of Chemiftry, 2d edition, Vol. I. p. 147. iho*le*ofd^ 

pyrites, 
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ti' maj be proper to dale fome comparative abalyre# 
ivhieh 1 faev^ made of feveral of the common py riles ; andi 
as ibe method* employed was precifely the fame as that#which 
bas been defcribed, all that Teems to be requiiite^ is tefive an 
account of the reTuIts. 

in each anal)ii«^ the whole of the Tulphar was converted 
into lulphuric acid, which was precipitated by baffles ; and, 
in the (election of the fpeciniens, great attention was paid to 
take the internal parts oT the fi^gnicnts, and not to make ofe 
oi any which exhibited an appearance ot decompoiilion, or 
of extraneous fubdances. 

The iron was, as beibre, reduced to the dale of black ox* 
ide; and the addition ot weight in each feparate analyfis^ 
correfponded, within a few fradionai parts, with the proper-* 
tion ot oxigen rec|uttite to form into black oxide a given quan« 
tity of metallic non, equal to that w'hich in each pyrites was 
aicertained to be ll^e real proportion, by deduding the quan<* 
tity of fulphur from the total quantity q/f each pyrites* 

The iron, therefore, in thefe is completely metallic, and as 
fucb is dated in the following refults ; 


The ciunponent No. 1. Pyrites in the form of dodccaedrons 
' parts of the com. vi'ith pentagonal faces. 

ituin pyrites Specific gravity 4830. 

weie, at a medi- ^ ^ . 

um, 9 fulphur 
and $ iron, with 

A^eat vatu- 2 ^ Pyrites in the form of driated cubes. 

No. 3. Pyrites in the form of fmooth polithed 
cubes, found in the lapis ollaris which 
accompanies the magnetical pyrites. 
Specific gravity 4831. * 


No. 4. Radiated pyrites. 
Specidc gravity 4698. 


No. 5. A fmaller variety of radiated pyrites. 
Specific gravity 4775. 


} 

) 

} 

1 

} 


Sulphur 52.15 
Iron 47.85 


100 . 

Sulphur 52.50 
Iron 47.50 


100 . 

Sulphur 52.70 
Iron 47.30 


100 . 

Sulphur 53 60 
Iron . ‘ 46.40 


100 . 

Sulphur .54.3 4 
Iron 45.66 

100 . 


Confidering the difierence in the figure, ludre, and coltnii^ 
of thele pyritcsi I expeded to have found a much greater 

difference 
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4MWetice in thn proportiont of their compooeot 

kfttt, at ihO' refuUi are the average of fev^ eaptciMMU# j 

have not any reafon to doubt their accuracy. * 

Thlt pyrites cryOallized in regular figmes» fuch at cubes cn^ 
and dodecaedrons* according to the above analyfesi contain 
lefs fulpbur, and more iron» than the radiated pyrites, and othsr pyiitsit 
perhaps thati others which are not regularly cryftalliaed. This 
differenoe, however, is not confiderable j for the dodecaedral 
pyrites, which afforded the fmalieft quantity of fulphur of 
nny of the regularly cryftalliaed pyrites, yielded 52.15 ; and 
the- radiaud pyrites. No. 5, gave 54.S4; the diflerence, 
therefore, is only 2.19. So that the mean proportion of ful- 
phur, in all the pyrites which were examined, is 59.24 per 
cent, and, taking the proportion of fulphur in the fnagneticil 
pyrites at 59.50 or 57, the difference between this and tlm 
mean of the common pyrites will be 1G.74 or 16.24. The 
ma^etical pyrites, therefore, is quite diftind, as a fulpliuret 
of iron, from the common martial pyrites ; and, in the follow- 
ing obfervations 1 (hall prove, that a faiphuret conftfting of 
the proportions kft mentioned, has UH now been unknown 
ns a pr^ttd of nature. 


§ VI. 

AUhoof^ pyrites is one of the mofi common of mineral U>5Ary of nr* 
fubftanoes, yet the difeovery of its f^l nature is comparatively 
of a late date ; for it appears that even Agricola {whofe know- 
ledge of mineral bodies was certainly great, confidering the 
ftate of foience in his time) was not acquainted with its cha- 
raderiflic ingredient, namely, fre». According to Henokel, 
this was firft noticed by our countryman Martin Lifter, a 
member of this learned Society, who fays, '' Pyrites pmus 
puiusferri metathm • 

Fibm^tlie time of Henckel, pyrites Teems little to haveBxparSmeatt of 
attraAed the notice of cbemifis, until Mr. Proufi, tlie learned 
profeiTor of ehemiftry at Madrid, pubHflied two memoirs, in 
which he ftates, that there are two fuIpbareU of iron, (be oieTvro futphmyw 
Iwing artifigial, and tbe other mtnral. The drfi U (hO 
fet which is formed in laboratories, by adding falplmr to Mk>cta!yfoiMMila 
tiot iron, or by expofing both .f th^OolMit iaoniten. 

Ir dtftingttiSied from the fsoond (olphwaA, {wVidk ii tho 

anon marthd pyrite*,) by iu eaQrfcdBbiltfy hi acidih ol^eciaHj , 

V«i.. X.~.Araix., 180 $. T .In 
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hi acid, by Che fonhation of falphuretled tiidrogviir 

ga«-4aritig tha fohition of the fulphuret in the laft named acid, 
by its colour, *and by its Inferior denfity. 

Jtfdftctfl ful- Aocordtag to Mr. Proud, the firft or artificial fulphuret is 
phMt, 6 ful- cpmpofed of«60 parts of fulphar, combined, with ICO parts of 
iroa; haturai, iron $ whiift the fecond fulphurer, or common pyrites, eonufts 
ji^fuiphur and lo of 90 parts of Tulphur and 100 of iron. 

The excefa of He'moreover obferves, that the fulphur of (he firft fulphuret 
fulphur is cafily is difficultly feparated ; but (hat the excels which is in the fe- 
*yriter/bu?iiot^”^ or common pyrites, is eafily expelled, and is 

Che other por- that portion which is obtained by difiillation, the refiduum 
being then reduced to the date of the fird fulphuret \ 100 

parts, therefore, of this fubdance, are compofed of 62.50 of 
iron and 37.50 of fulphur; and 100 parts of common pyrites 
are, according to this datement, compofed of 52*64 of iron 
and 47.36 of dilphur. 

They are the Thefe proportions Mr. Proud confiders as the minimum 
miniim^the maximum of the fulphurets of iron. For the latter he 
Iblphurets* allows fome variation ; but the compoiition of the former he 
regards as fixed by the invariable law ot proportions f; al- 
though he obferves, that ii has not as yet been dytovered the 
mineral kingdom 

In fupport of thefe aflertions, Mr* Proud dates, 

Xxpenmentt of 1. That the pyrites found near Soria, when didilled in a 
***“ retort healed to rednefs, afforded nearly 20 per cent, of ful- 
phur. 

2* That the refiduum of the above didillation had lod the 
external charafiters and chemical properties of pyrites, and 
had affumed tbofe of the artificial fulphuret of iron. 


* Journal de Ffy/que^ Tome LlII. p. 89, and Tome LIV. p. 89* 
From pp. 91 and 92 of Tqme LIV. it is evident, that the author 
does not mean to afleit, that the firft fulphuret contains 60 per cent. 
of fulphur) but that 100 parts of iron are combined with 60 of 
fulphur, andfohn 160 of the fulphuret. In like manner, whei| 
90 of fblpbur are unifed with' 100 of iron, a fubftance analogous 
CO common pyrites is formed, which weighs 190 grains or parts. 

See aUb onr Journal, I. 109, 269, 253, for Cranflations of thefh 
• excellent memoirs. « 

. f Jeuri^ Je Fkjfipie^ Tome LIII* p*90. 

J « La regne mialral, fufqu'id, ne nous a point encoTi pifiK- 
^ IhmAlefsr au mmimUm." Jenrnal de FJ^pte^ 
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" ji/That whm W this renduam a qaanUty of 
added, and the whole was diftilled in a degree i^fheil Mt Idi 
greats the 20 per tent, of Ailphar/ which had been fepirafeA 
by the drU diAillation, was« by this/ again reflored; and the 
mafs in the retort thiHs recovered nearly the original cdhiiir, 
luAre, andj:;liemical properties of the pyrites. 

4* That, by adding fulphur to iron Alings, or Ane iron wire, 
heated to a low red in a retort, a compound is oblained, in 
which the proportion of fuipliur amounts only to about 30 
or 30 parts; but, if this compound Is again treated with 
fulphur in a red heat, a fulphuret is formed, which is readily 
diflblved in acids, and plentifully affords fulphuretted hydro* 
gen gas. 

This is the real minimum of the fulphurets of iron, fixed 
by the invariable law of proportions, (according to Mr. 

FrouA,) at 59 or 60 of fulphur and 100 of ironi the former 
being (as I have already obibrved) in the proportion of 37.50 
per te/U, * 

5, and laAly. That when this fulphuret is again mixed and 
diAilled with fulphur, (due attentipn being paid to the degree 
of |||at.} the product is found to have aAlimed moft of the 
chemical and external properties of the natural commoa pyrites, 
denfity alone being excepted. 

The application of the above obfervations, to the principal Ths magntiM 
fubjeA of the prefcnt paper, is fufficiently obvious ; for, when 
it is conlidered, that (he magnelical pyrites is fo different fram «onfidered as 
the common pyrites, in colour, hardnefs, folubility in fulpheric having 
acid, and more efpeciaily in muriatic acid, with the copious ^ ^ 

production of fulphuretted hydrogen gas ; when, by analyfis, 
it has been found to confiA of 36 or 37 of fulphur, combined 
with about 63 of metallic iron ; and, when the artificial ful- 
phuret of iron which has been lately defcribed, is proved to 
agree with the magnetical pyrites in the nature and proportions 
of its. component ingredients, and In es^ery one of t(ie above* 
mentioned properties ; it is evident that the magnetical pyrites 
is identically the fame with this fulphuret, which fattbertobua 
remained utidifeovered in nature, and has only been* known 
as a pi^o^ of our Uboratoriet. In order however more folly* 
te^tisfy myfdf, I made experifOents on theacti&sihl fotpfaaret, 
which I formed with fulphur and fine Iron wire* 

T 3 This 
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The iiti gda! ^AAHmiice a||^eEil« in «U Ihe propetti«i whidi bava been 

'f^r 4 ^ 4 iraral **^®®^* wilb th« magfuftied pyfites ; and the precipitates ob- 
tt(«neiif pyrites, tabled adding praffiate of potafb, and ammonta« to (be 
snrtirialic aOd fdfpbaric foletkmsv were precifely fimitar. The 
ipectfic gravity was 4J90« whilft (as 1 have already remarked) 
that of the snagnetioal pyrites is 45 1 8, 

fTp be concluded.) 
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Anjvser to a Letter of C. L. uilh other Remarkt, on the Images 
Joi'med by convex Lenji^, In a Letter from Mr. EzsKita 
Walker. 


To Mr. NICHOLSON. 

Dear Sir, 

* a 

Remarks on the O. L. ill his letter in your laft Number, reprefents my firtt 

Letters of C. ir. paper as deficient in •• philofophical correftnefs," and wanting 
the caUn fpirit of philoTophy." But in attempting to ||||pve 
my errara, he has proved nothing but his own want of know- 
ledge : and to thofe who wifli to fee an example of C. L.'s 
eaUn J^irit of philofepliy,** I beg leave to recommend the 
' periiCal of his letter in Vol. IX, p. 235, of this Journal.— 

Thefe (irange aiTertions are followed by another iUlI more 
iirange. 

QjrotiUion, in He ** / til'll beg leave to wave any attention to (he 
W ’V* ****^®*‘y Walker's experiments upon which 1 have ani- 

* madverted, and to dtny 

Thinking that I did not underfland his meaning corredly, I 
evamined the fide-note, which runs thus : C« L. declines 
any further difcuifion relpeifting Mr. Wsdker's experiments 
with Ibofes, but demee the 

Mr. w.% reply. As there » no realbiung with a man who will deny fisAs, 
Liball dedhie exaaaining the remainder of C. L»'s letter. 

Vour ^thcr anonymous correfpondeat, who has donied the 
*truth of my expertitimits, will be more cafily anfwered. 

The ofMom whidi have been advanced reipadmg I|mi 
horiipiital laminaiaes, fince the days of fUdomy, who wfks 
born about tlie year 70 of the Chrifiian mra, are fo nameroas, 

^ that 


Konsoatal 
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that it U fcBrceIy,poffiU6 to form a new one. Tbil «arra* 
fpundent hat picked up the Ibeery of Det Carteiii which was 
confuted more than 100 year* ago by Mr. Mbiyoeua. Sat 
Philof. Tranf. abr. Vol. 1. p. 221 j or t>r. Hutton*i Mathe- 
matical Difiionary* Vol. II. p. 74>. I fliall paft over thia 
writer*! optical errors by juft obferving, that he hat been 
doing notjliitg left tlsan denying an eAablitti^ property in 
optics. ^ 

* But before I proceed, it may^w convenient to thole whoFartlwricnurkt 
are not in poflellion of y6ur two Numberi which contain 

* ^ ^ tonncu bv i > gm >ig 

former papers on Ihis fubje£t, lo know what that property 

in optics is, which has met with fo much oppofition. 

I have proved experimentally, that the image of a cmdleiflcrted to vw| 
in the focus of a double convex lens, decreafes in magnitudejjj^*****^*'* 
as the aperture of the lens is pontraQed *: And I have alfo 
advanced, that the image of the fun or moon, in the focus 
of the objeft-gUfs of a telefcope, decreafes with its aper- 
ture f. • 

Now it is well known to thofe who underiland optics, This pofidoa 
that this property, the truth of which has been denied fo po-^J^***®***®*^®^ 
fitivelyi was difcovered by Sir Itaac Newton : and a d^oiv- 
HrafSon of it may be feen in the Optics of Newton# Emnrfon, 

Smith, and Martin, and alfo in the Encyclopsedia Britan- 
nica, Src. 

The breadth of the lead circular fpace into which oljefi- beeMift Imi smi 
glafles of telefcopes can colled all forts of parallel rays 
about the 27 1 part of half the aperture of the glafs, or36thof^i. 
part of the whole aperturcu** (Newton’s Optics, 2d Edit* 
p. 73). Hence it is evident, that if you contrad the breadth Whence It w 
of ‘the objed-glafs from 10 to 1, the breadth of the 
light, in its focus, will be contraded in the fame proportion, will vsr^ 

In my next paper, this intereffing property ot J^bt wilt 
be furtlier explained* 

I am. Dear Sir, 

Your hnmlile fervant, 

£Za WALKER. 

Lfim, March 16 , 1805 * * 

* phHofopbical Jotirna], VoH IJC. p. lSi» 

t Phikfopfatcil Jonmalf X« p. UQ« 
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JccowU qf on Aerojatic Vq^ge, made hy M, Gay-Lv8Sa6 
on the 29th Fru^dor^ in ilio Year 12. Fead to the National 
Infiitute, m the 9th Vendemiaire, tn the Year 

nMrm of the In the account of the fird acrodatic vo}age which M. Blpt 
and t hftd the honour to fubmit to the Inftitute^ we announceJ, 
thv(« from the furface of the earth to the height of 3977 metres 
(]3024'.675 feet), the magnetic power did not experience any 
fenfible diminution; and at the fame time we fignified a defire 
to undertake new afcents, to afcertain this important fa£i at 
greater heights. We toon found that this was alfo the wifii of 
many members of the Infiitute ; and, encouraged by the ge- 
neral interefi which our fird voyage had excited, we refolved 
on making a fecond very fliumy; but our aerodat not being 
capable ot carrying us together to a greater height than in our 
fird afeent, it was agreed between us that 1 fliouid go alone. 
From this moment all our attention was given to the indru- 
ments which it was requifitc for me to carry ; and their con* 
druQion, which was again entruded to M. Fortin, as well as 
an operation which the balloon underwent to give it more 
levity, retarded my departure till the 29th of lad Fru6lidor. 
Caaftrvftionof Indriifled by the experience of our former afeent, we 
sba SafirttBienu. fQ^jg changes in our indrumcnts ; and, in the fird place, 

HbnaOBtsl ofcillations of the horizontal needle might be lefs 

afiefled by the rotation of the balloon, w c caufed a r.cw one 
to be condru6ted, only 13 centimetres in length. Thus, its 
, ofcillations being more rapid than thofe of the balloon, it 

would be eafier to determine their duration. 

Dipping DeeJIe. We made greater modifications in the dipping needle. That 
we might not be obliged, at each obfervation, to replace it 
in the magnetic meridians and tq adjud fls axis truly horizon- 
tal, we fufpended thp metallic chape which fupports itby'^a 
filken thread; afid> to judge of its inclination, we fixed a 
portion of a tranfparent circle, graduated in divifions, to the 
chape, ‘'The whole apparatus was very light, the tendon on 
"the filk thtond but trifling, and the needle copld refume its 

* From Asmalea dr CbUnie, Mo, 154* Fruftidor, An* XUL 

meridian 
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meridian wUh facility » >4* .Conloinbj after liatdiigr>|p4l|i^ 

Ibe needlet proved it by the method which be prop^fed in ibe 
Memoirs of the Inditute ; and he found that itigave an Mi* 
nation of 70.5^ of the common fcale. In one of its pofitinna^ 
which was that in which it was to remain, it varied 3I^« 

In our firfi afcent, the under farfiice of the glafs which Asimuth cohi« 
covered our azimuth-compafs was covered with wateri and^^* 
we were prevented from feeing the fliadow of a horizontal 
thread, which ferved us for a fiyie. To avoid this inconve* 
nienoe. it was fufficient to remove the glafs of the compafs ; 
in other refpe^ts. no alteration was made in its firft difpofitian. 

M. Lepine again fappHed us with two fecond-watchesi one 
of which was a flop- watch : it was with the latter that I made 
all my obfervations. 

The thermometer 1 ufed. w^as the centigrade mercurial Thermsiiiettr* 
thermometer. To guard it from the aAion of the fun. we 
placed it within two concentric cylinders of pafleboard co- 
vered with gilt paper, one of which was about four cent^ 
metres in diameter, and the other iiz. Our hygrometers Hygr^mswri* 
with four hairs, of the con(lru£lion of M. Richer, were.dif- 
pofed in nearly a (imilar manner. Hie two glafs balloons in 
which I was to bring the air. were exhaufted to nearly a millir 
pietre of mercury, and we were fatisfied by leaving ihem iu 
this Rate for eight days, that they perfe6lly retained the va«> 
cuum. For fear of an accident, we had provided a third bal- 
loon of brafs ; but very fortunately it was ufelefs. 

' Our two barometers have not a conOaqt level ; and to gelBaramttiffW 
the true barometric heights, we formed a table of comparifon. 
by placing them under the receiver of the pneumatic ma- 
chine. and meafuring their depreffion from five tp five pen- 
timdtres. by means of a fiandard. the refervoir of which has a 
condant levels »nd which is provided with a very good fcalp. 

Being no loqger obliged to obfervp more than the uppe^ level 
to get the true barometric hdgjils, the number of obfervations 
was diminitbed to one half ; which is of g{eat importance wl>en 
the attention is divided telween pprfonal fidety and delicate 
experiments. 

$uch nearly were tbeefiential infiruipents. I took sfitb tpe rw ^ 

in jny voyage. *I was alfo *provicied with an a||^ratus Jof^Theappi^^ 
determining tl>eeleflricity of the air; but a few 
I Quitted the earth. I loft Iheipro ^eVffhc aif 

ibufskti. • 





^Mtrkity «t SO^^'Mdl «t ICO metres belem me, 
eed I could ttdt eseke iby eft eF it. It will be feen tket we 
Iwdesi^ded deery tkidg which could mfloence our needles ; 
end eeee eor encbor^ elthoaglv fdpended 50 meicet below 
the boef« wm of wood ermed with copper. 

This is not the place to mention the precautiOiia which M« 
Contd had taken, that this new atcent m^t Ha free from 
danger; but it is to be wiihed that he would hiidfrlf pubHfti 
what a long and enligbiened experience has taught him Cd 
this fol^eA. For ourfelvei. we ewe him a great tribute of 
gratitude for his trouble and tlie interefi be has taken in our 
voyages ; and we are bound to acknowledge^ that if they 
hafe been fo fortunate, we are indebted for it to his provident 
cares. 

pigartMe. All our inftruments being ready, my departure was fixed 
for the 129th Fruffidor: In faflty on that day I afcended from 
the Confervatory of the Arts and Manufadures. at 9^ 40^. the 
barometer being at 76.525 centimelr/ss. the hygrometer at 
StiMSfdiest* 57,5^. and the thermometer at 27.75^. M. Boovard. who 
moi^wis oA the meteorological (fofervations daily at the Obfervatory 

of Pariv judged the atmoTphere to be greatly charged with 
K vapour. 4iat without clouds. In (aft. I had fcarcely rifeo 
1000 metres when I perceived a light vapour diffiifod through 
all tlie almofpbere. which rendered the fight of remote objefis 
confufed. 

ITM esperinent Arrived at the height of 5032 metres (9929.8 F.). 1 began 
to make the horhsonlal needle dfcilbtei and this time I ob« 
risontil needle, taioed 20 ofcillations in 85^^ w*bile on the earth, and in other 
refpeAs in the fomecircumllancesi it required 84.33^^ to make 
(he fame naaober*. Ailhoogb my balloon was affeAed with 
the rotatory motion we had perceived in our firfi experiment, 
the rapidity of the motbn of our needle perridti^ me to 
Oount SO. SO. and even 40 olbillations. ** 


SLeiifutloaoT At the height of 3863 metres (12651.365 P.). t found the 
He* ** * varialiou of mjr nee£1e« taking the maan of tim amplitude 
feet. >1* oTeHtafioos. was^ fenfiUy 31^. an on the earth. It re» 

tkefa.iicaa on 

dcswtb* 

* AtdMiegb 1 lUvs hero indicated hundredth parts of a ftennd. 
I «a twara that 1 cinnot oMerve ’Audi fraAiom | Imt 'f 

ftfittf ttq. fty difiiloa*, btcttfe ok <1* iMXtt X 


8 


paired 



««a!<HiVATic VcfriLd^. 


nuektiiM mA ftiHiee to dbftrWMtart tei- 

taufe, atIbttDgh borne bjt Ae mars of the Miiotfhut, I |Mr* 
ceived a wfnd which coittinuan]r deran^ tMa cOtnfM^ 

^and after letmral anfucceftful attempts, 1 was oMiged lo 'gtM 
up making new ones. Neverthelefs, I belteve the «bfth>va» . 

lion I heeft'ltated above is entitle to fome confidence. 

’ Sam# fihe after I wifhed to obferve the dip^ng-neetHe'; Thss Mb v nt ias 
'Itot bebolf wbat had happened. The dronght, iavonred by 
Khe adion bf the fun in a rarefied air, was fach, that the cm- avc 
pafs was (b mach warped as to have bent the metaitic circle "e*"* 
on which the Avifibns were traced! and to be itfelf crooked. 

The aetloht of the needle therefore had not the fame free* , 

doAf bat independently of this diiappointment, 1 hdd eb* 

ferved that it was very difficult to obferve the dip of the needle 

with this apparilns. Itffliort, when 1 placed the compafsCssftstftnes** 

fo as to andie the (hadow of the hwiaOntal thread, which 

fwved as a ftyle, ciriocide with a fined Kne> the motion I had 

given to the coespafacenrawnicMed one to the needle, and . 

by the lime dth wai nearly refland to reft; the Ihadow of 

the ^le no longer coinciddd with the fixed line. It Wat ao> 

celBuy to phKa the compafs again in a hori a ooMi pofition, 

and daring the time* which this operation re^dfted!^ ovary 

thing svns again deraflf^d. Unwilling to' perfill in making 

obfervXtions on which I coald place no reitance* abandoned 

diem entirely ; and divefted of every other cere, I gave all 

uy Btlmition to tho ofcilhltibna of the horixonlal needle. I The saanhaltt 

nm ndeerthdefs convinced, by the knowledge of (he deftfls ** rssobdmi 

of our oompni%ilhat It is poflible to employ one more fuiiidsle, 

which would determine the dip with great precifion. In 

trying this experiment, I lowered the other needles foparately 

io linen kagir, to 15 metres below the boat. 

That tMrOggregate of all the ibfoltt winch I (Mabmi mny Tht tniw^ 
be more e&fily feen, I have coikQed them into a table which 
is at the efid of this memoir ; aad (hey me placed there as wblw * 
tbOy ocenMd (0 me, with the corrcfpoadipg indleatkma of 
fffiebardiadetor, therinomotet. and hygroaMtar. The heighb^*Ma«i^ 
bat^e been cdcuhted, according to the fommla of Mi Laplace, hSmm 
by M. Goullly. engbrner of bridges and highsvqrs, who has eompant vrhb 
fo kffid as to mkd this Itoidite. The tiltomeiar 
'lilfeg varied fenflbfy on (he day of 'my' from ten . 
o'clock to three, to calcuhte the dilRteat baiglim Of slMdh I 
• wmadt 
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it^de ^obfef;v^ion9^ of the barometer em ttio 

eiMTth has be^ iaben al, 76«^$B centimetres, which we,s tbb 
a height which, conformably (ho 
obferyaUons piade by Bouvard at the Obifervotpry, if 
greajtpr by Q.4^ millimetres than that which had been obi'erved 
at the moment of my departure. The heights of the baro- 
meter in the atiTipfphere have been brougiit to j4M>fe which 
would have been indicated by a barometer wifh#n unilorm 
level placed in the fame circumnancesi and the ni||^ between 
Che* obfervalions of the two barometers has been taken for 
each height. The temperature on the earth liaving alfo va* 
ried very little between ten and three oVlook'« it has been 
fuppofed conftant and equal to 30.75^ of the centigrade ther- 
mometer. 

Now on looking, into the tabic it will be evident, in the 
firft place, tliat the temperature follows an irregular courfe 
with refpeA to correrponding heights; which, no doubt, is 
oc.cafioned by the obfervalions having ^eo made foipelimes 
in efeending, and fomelimes in defeending, and the thermo- 
mcter^hayiug.folloiyed 4tefe variations too llowly. But if the 
degrees 9 | 4 h^i|iJiermometjBr alone are coniidered# which &rra 
with e^^^ber a, continually decreafing fenos, amorejegu- 
laji; lavy vfjil^^be found. Thus the temperature, on the earlh 
being and 84^ at the height of 3691 metres, if the 
difference of the heights is divided by that of the tempera«* 
lures, we (hall at once obtain 19 1,7 metres (627.8173 feclj 
of elevation for e^h degree of the redudlion of the tepipera- 
ture. By performing the fame operation for l^e temperatures 
5.83® and 0.3®t as well as for lUofe of 0? and —9.5®, we 
(hall And, in bntbesifes, 141,6 metres (463.7.4 feet) of ele- 
vation for each degree., of the , reduction of the temperature; 
which feems to indicate that near (he furface of tl|ie earth the 
b^t is governed by a law y^bich decreafes lefi.dian at an 
elevatiop in the atmofphcre^ ^nd that at length, Jt follows a 
decrea^hlC erithmeticak progrjaflion. If it be fuppofed that 
from the (hrface of the earth, where the thermome^ iwas at, 
30.75^ to tlie height of 6977 metres (22849.673 feet), where 
it had faHlep to the lieat had diminifhed as ,tte eleva- 
tions of nSf.S metres (567.537 %l) 

w^l (§prrefpqi4 lo^^ degree of (be redaflion of (be temper 
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TbecourfiB oF (he hygrometer wii very fingofair^ < At tteVnfteady courts 
fiirF^ of the earth it was only at while at 

of 30 S 2 metres it marked 62" : from this poinfft ««icoiiM» 

Dually falling to the height of 5267 metre*, where it indicated 
no more than 27.5^ ; and from thence to the height of 6SB4 
metres, it rofe gradually to If, by thcfe refuhs, it is 

withed to determine the law of the quantity of water dISbhred 
in the air jat different elevations, it is clear that attention 
mufl be paid to the temperature ; and on joining thi^ confider- 
ation with it, it will be feen*that it follows an extremely Je* 
creating progreffion. 

If now the magnetic ofcillations are confidered, it will be Magnetic ofeiu 
obferved that the time for ten orciilalions made at ^*®***®**^ 
heights, is fornetimes above and fometimes below 42.16^^, 
which they icquire upon the earth. By taking the msuin of 
all the ofcillations made in the atmofphere, ten ofcillations 
would require 42.20'\ a quantity which differs very little 
ifom the preceding; confidering only the 'lafl obfer* 

vations which were made at the greatefi heights, the time 
for ten ofcillations would be a little lefs than 42«16^, which 
would indicate, on (he contrary, that (lie magnelje power 
had been a little augmented. Without meaning to dtaw any 
confequence from this apparent (light increafe, which majr 
very probably arife fiom the errors to which experiments of 
this defeription are liablei I conclude that the total of the The msimda 
refults 1 now offer, confirms and extends the &6I which 
Biot and myfelf had obferved, and which^ as well as thetheVuteftele- 
univerfal gravitation, proves that the magnetic power 
not experience fenfible variations at the greatefi heights to 
which we can afeend. 

Tile confaquence we have drawn from our experiments, Probable oljec- 
will appears little too precipitate to tliofe who recoHedl thaty”"*^^^^j|^^ 
we were unable to make experiments on the inclination offuced. 
the touched needle. But if it be obfmed that the power 
which caufes an horizontal needle to cfciilate, is nec^rUy 
dependent upon the intenfity and diredlsoti of tbe snagnettc 
power itfelf, and that it is reprefented the co»fitip of the 
angle ot inclinetion of this latter power, they cannot avoid • 
concluding with us, that, fince the horiaonlal power haanol 
varied, neither can the magnetic power have vaiM, .uiiMs 
Ibey Gippofe that the magnetic power cen have varied pre^ 
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ctftljr ip oppofftipn to, sod In the fiinie proporttoti aa the co. 
0110 of its ipclimtiop, which b by no meana probable^ le 
Apportof not coneio^on we have, befides, (lie expenment 
on the indllMrtieR osade at the height oF 386$ metrea 
(!M5}.S25 fbet), which proves that, at that eievation, the 
▼ariation did not vary in a fenfible manner. 

at the height of 451 1 metres, 1 prefeiHdtt to a Fmall 
neetttey a^ in the diredion of the magnetic power, 
the lower extremity of a key ; the needle was attraded, end 
afterwards repelled by the other 'extremity ef the key, which 
1 brought down parallel to itfelf. The fame experimeiit^ 
repeated at 6107 metres, had the fame ifTae; another very 
evident proof of the aftion of terreftrial magnetifm. 

At the height of 6561 metres (21487.275 feel), I opened 
one of my two balloons of glafs; and at 6636 metres 
(2173S.9 feet), I opened the fecond : the air entered both 
with a hilling noife. Finally, at 3^ 1 the aeroflat being 
perfedlly full, and having only 15 kilogrammes of baliaft, 1 
determined to defeend. The thermometer was then at 9.5* 
below the temperature of melting ice, and the barometer at 
3^A$ centimetres; whidi gives for my greateil elevation 
above '^Faris, 6977.37 metres (22850.887 feet), or 701 o 
■letres (09977.4 feet) above the level of the lea. 

Ahhough well clothed 1 began to feel the cold, particularly 
in my hands, whidi 1 was obliged to keep expofed to the air. 
My refpiration was fenfibly obftruded ; but 1 was fer from 
feeling any inconvenience faflScient to induce me to defeend. 
My pulie and my refpiration were greatly accelerated ; hence 
from refpiring very frequentlydn a very dry air, I could not 
be furprifed at my throat being fo dry, that it was with difB* 
cttlty I fwallowed bread* Before felting out I had a flight 
head*acb, arifing from tbb fatigues of the preceding day and 
the want of reft in the night, and I retained it all the day, 
without perceiving that it was increafed. Tbefe are all the 
inco n v en i e nces { expsfienced. 

SjgaM tft t very A phenomniipn whidi ftruck me at this great height, was 
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the Ibeblg clouds above me, and at a diftanco which appeared 
.40 me to be vmy conflderable. Daring our iirft afoent the 
efeodt did net rA above 1169 nfetres (3628.475 feet), and 
abevfl^ the iky was m its greateft purity. Its colour at the 
naaldi was ib inienjfb, that iit aught be compared wHh thgt dp 

Peuffian 
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Fru(Cah blue j but in the hft yojage whidi t nude 1 filer up 
clouds below me ; tbe iky wae very iml iu cbioor 

generally duTI. ll is perhaps not ufeieft ijii obmve, that onD^dliiad io 
the day of our firft afoent tbe wind was norih-norib-wcl^ and^^ 
un the laft, fouth-eafl. 

As Toon i|s I perceived that I began to defcendji I thoitght Dctint 
only of moderating the defcent of the balldon* and of render^^ 
ii% it extremely flow. At 3^ 45' my anchor touched UtO 
ground and held, which gives 54' for the time of my defcebt. 

Ttie inhabitants of a fmall hamlet in the vicinity foon ran to 
tbe fpot« and while fome brought the balloon towards them 
by drawing the rope of the anchor, others, placed under the 
boat, waited impatiently till they could reach it with their 
hands, to catch and depoflt it upon tbe earth. My defcent 
ti^as therefore efieflcd without the flightefl fiiock^or the leaft 
^cident, and I do not believe that a more fortunate one is 
pof&ble. The I'mall hamlet befide which I defcended, if 
called Saint-Gourgon ; it is fituated fix leagues oortb^wefi 
from Rouen. 

On my arrival at Paris, my firfi care was to analyze tlie air of the 
I had brought. All the experiroenU were made 
technic School, under the eyes of MM. Thenard a^ .Greflet, 
and I trufied as much to their judgment as to my owp. ^ We 
noticed the divifions of the eudiometer alternately, and witb^ 
out communication, and it was only when we were perfedly 
agreed that we wrote tliem down. The bsdloon which was 
filled with air at 6636.3 metres (21735.557 feet), was open* 
ed under water, and we all judged that it had at lead fflJed 
the half of its capacity; which proves that the balloon had 
retained the vacuum very well, and tliat no foreign air had 
entered it.^ We purposed to havc^ weighed the qiiaplttjr of 
entmed into tbe balloon, to compare it wiUi its capa- 
city ; but not having tbe necefiary infiruiinonts fit band# 
opr impatience to know the nature of^the air it oontaeied 
being^vary great, we did not make jthat eaporin)lcot« At fifft 
we Volta's eudiometer, and we amdyzod it coxnparap 
tivfly with atiporpheric air tsken in the middte of the amrtr 
yard of the Polytechnic School. The &Uo|iMiili if. 
parattve analyiU of thefe two airs. , ,,, 
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^ Acmofphenc air At the fame time one meafure of ver*' pare oxigen gas 
and airmen at required 2. 04< meafures of nidrogen gas; and this refult dif- 
an Identically ’f^^ring only .01 from that obtained in experiments made on a 
ttiefasne. very large fcale, and with great «care, in the compoiition of 
water^ it is evident that great confidence may be placed in 
our refults. They prove therefore that atmofpheric air, and 
air taken at an elevation of 6636.5 metres, are identically the 
fame, and (hat each of them contains .2149 of oxigen. On 
analyzing the latter air by hydro-fulphuret of potaflif we 
found in it *2163 of oxigen. I r innot give the refult of tbe 
comparative experiment made on atmofpheric air, becaufe 
we wefe unable to collect it; but the proportion of oxigen 
ihliicii I have indicated, is alfo a little greater than that given 
by the combuflion of btdrogen gas, and is comprized within 
the limits of the variatiens found in the compofition of tbe 
atmorphere at the furface o£ the earth, and which do not pr» 
vent it from being confidered as condant. 

This fad prwed The identity of Ibe analyfes of the two airs made by 
sxpc»*hf(lrogen gts, proves diredly, that that which I brought did 
not contain tbe latter gat; nevertbelefs I alfo fatisfied myfelf 
e of it, by burning with the two airs only a quantity of hidro- 
gen gas M tfahn wonkt have been requifite to’abfbrb all 
the oxigen gas ; for I ibuad that tbe reSdues of the corn- 
boftion of the two airs with the bidrogen gas were exadly 
tbe^me. ^ 
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SaufTure junior' alfo found, by ufing nitrous gas, that airTbe tomppyoG 
taken in the ^^ol-du-Gcanl contained, within hundredth « 

part, SL% much oxigen as that ot the plain; and his father whwc tha te«» 
efcerlained the; prefence of carbonic acid on the fuinroil of 
Mont-Blanc : Moreover, the experiments of MM, Cavendifh, 

Jifacart)', Berlhollet, and Davy, have condrnrod the identity 
of the compofition of the atmofpbere over all the furfaoe of 
the earth. It may therefore be concluded generally, (hat 
the conditurion of the atmofphere is the fame from the fdr- 
face of the earth to the greateft heights to which we can 
afeend, 

Thefe are the two principal refults which I obtained from Itecapiratnlsd 
my lall voyage. I have afeertained the faft which had been ^^ **'* "^****** 
obferved by M* Biot and me, on the fenfible permanence of 
the inleiifity of the magnetic power at a diftance from the 
furface of the earth ; and befides, I think I have proved that 
the proportions of oxigen and azote which conftitute the at- 
mofphere, do not vary (enfibly in the moft extended limitt. 

Many Ihingis dill remain to be elucidated in the atmofpliere, 
and we hope the fads wc Ijpive alread) colleded will lb br 
intered the Inflitutc as to induce them to delire us (o conunue 
our experiments. 
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£xptnments and Objhrvatinns on the Adotion of the Sap in Trees* 

In a Letter from Thou >^ndrcw Knight, Ej^, to the 
Right Ifon* Sir Joseph Banks, Bart* K*£. P*R*S, 

From the Fhilojbphical Tranfa6tions for J 804. 

My dear Sir, 

In the Obfervdtions on the Defcent of the Sap in Trees, which Eiperimtati 
I laft year took the liberty to requeft yoQ to lay before the mo^on ^ 
Royal Society, I offered a conjecture, that the vefTels of the the Tap ia trtes. 
bark, which pafs from the leaves to the extremities of the roots, 
were, in their organization, better calculated to carry the fluids 
they contain towards (he roots than in the oppofite direction. 

1 had not, however, at that time, any experiment diredtly to 
fupport this fuppofilicn ; but I thought the forms generally af» 
fumed by trees in their growth, evinced (he compound and con- 
tending a6tiohs of gravitation, and of an intrinfle power in the 
veflels of the bark, to give motion to the fluid pafling through 
them. In the account of the experiments which 1 have now 
the honour to addrefs to you, 1 trufl 1 fliall be able to adduce 
fOme interefling fadts, in fupport of that inference. 

Having fele^ed^ in (he fpring of 1802, four flrong (hoots of 
the vine, growing along the horizontal (rellis of my vinery, I 
depreflfed a part of each (hoot, whilfl it was (oft and fucculent, 
about three inches deep, into the mould of a pot placed beneath 
it for that purpofe ; but without making any woundi or incifion, 
in the young (hoots thus employed as layers. 

In this petition (heyremained during the fucceedingfummeri 
and, in the autumn, had nearly fllle*d the pots, which were ten 
inches in diameter, with their, roots. As (bon at the leaves had 
fallen, (he layers were difengaged from the parent (locks ; and 
about five inches of wood, containing on# bod, were left, both at 
the proper and the inverted end of each layer. Every bud was 
alfo, by previous management, made to (land at an equabdiftanc# 
from the inopld in the pots, and with an equal elevation, of 
about thirty-fix degrees. About one inch of wood was like- 
wife left at each end of every layer beyond the buds. 

VoL. X.— April, 1805. U 
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Vmilments In the facceeding fpring, the buds vegetated (Yrongly, both 
M tlw^i^on of the proper and at the inverted ends of the layers, as the 
the lap in trees* experiments off Hales and du Hamel had given me reafon to 
expert ; and, in one inftance, the bud at the inverted end of 
the layer grew with greater vigour than that at its proper enS : 
but the growth of thefe buds was not tiie object which I had 
in view. • 

I have already dated, that nearly an inch of wood was left at 
each end of every layer, beyond the bud ; and, to this wood, at 
the inverted ends of the layers, my Attention was chiefly diredt* 
ed : for, if the vcfTels of the bark pofleded the powers 1 attributed 
to them, I concluded that the lap would be impelled to the in- 
verted ends of the layers, and be there employed in the pro- 
dudiion of new w ood, and roots ; and, in this, my expedlations 
were not difappointed. At the proper end o f the layers, the 
wood immediately beyond the buds became dry and lifelefo, 
early in the fucceeding fummer; the ftems alfo, between the 
buds and the mould in the pots, increafed in fize as ufual ; and 
nothing peculiar occurred. But, at the inverted end, appear- 
ances were extremely different : new wood here accumulated 
rapidly beyond the buds, and numerous roots, of confiderable 
length, were emitted, whilft no fenfible growth took place be- 
tween the bafe of the young fhoots and the mould in the pots. 

It having been proved by Du Hamel, that inverted psu'ts of 
trees readily emit roots, I exposed to derive furtlicr information 
from cuttings of this kind : 1 therefore planted, in the autumn 
of 1 802, forty cuttings of the goofeberry-tree, and an equal 
number of the common currant-tree ; one half of each being 
inverted. OF the former, not one of the inverted cuttings fuc- 
ceeded ; whereas few of the latter failed ; and in thefe I had an 
opportunity of obferving the fame accumulation of wood above 
the bafes of the annual (liobts, and the fame mode of growth, 
in every refpeQ, as in the iqwerted vines; except that no roots 
were emitted at their upper ends. The fame thing occurred, 
without any variation, an invened grafts of the apple-tree. 

If it be admitted, according to the theory I have on a former 
occatk)n Jaid before you, that the fap de(cends from the leaves 
through the vefleU. of the bark, and tliat fucb uedels are, in 
their organization, better calculated to carry thdr contents to* 
wards the^ original rooits than in the oppofite diredion, it will bw 
extremely eafy to eoiplain the caufe of the accunuilatiotif of 

wood. 
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wood, and the emiflTion of rootsi above, inflead oFbelow« the Iwrlmeiitf 

bafe of the annual flioots. The veflfels of the barki(lhe vaijpmx moti!h6f 

propres of Du Hamel) commencinf^ in the leaves, were formerly the Cap b trillU 

traced by M. Mariotte, and fubfequently by rnyfelF, (being 

ignorant of his difcuvery,} to (he extremities of the roots ; and^ 

when a cutt'uig or tree is planted in its natural pofition, the lap 

patibs downwards through thefe, to afford matter for new root^, 

and to increale the bulk of thofe already formed, having given 

proper nutriment to the brafiches and trunk in its defeent. 

But, in the inverted cutting, or tree, ihefe veffeis become in- » i 

verted ; and, if (heir organization be fuch as 1 have fuppofed it, 

a confiderable part of that fluid, which naturally defeends, will 

be carried upwards, and occaflon the produflion of new wood, 

above, inflead of below, the jun£lion of the annual flioot with 

the older wood, as in the experiments I have deferibed. The 

force of gravitation will, however, (till be felt ; and by its agency, 

fufficient matter to form new roots may Be conveyed to thofe 

parts of the inverted cutting, or tree, which are beneath the foil. 

Betides, if we fuppofe a variation toexift in the powers or 
organization of the vcflels which carry the fap towards the 
root, we may alfo attribute, in a great meafure, to this caufe, 
the different forms which different fpecies or varieties of trees 
alfume; for, if the fluid in thefe veflels be impelled with much 
force towards the roots, little matter will probably be depoflted 
ill tbe branches, which, in confequence, will be (lender and 
feeble, as in the vine ; and there is not any tree that has been 
the fubjed of my experiments, in which new wood accumulated 
fo rapidly at the upper end of inverted plants. To an excefs of 
this power, in tho veflels of the bark, we may alto aferibe the 
peculiar growth of what are called weeping trees ; for, by this 
power, the etfedis of gravitation wilf be, in a great degree, 
fufpended; and the pendant branch will continue healthy and 
vigorous, by retaining its due circulation. The perpendicular 
branch will, however, (till poflefs fome advantages; for in this, 
gravitation will a£l on the fluid defeending from the leaves; 
and thefe will of courfe abforb from the atmofphere wkh in* 
creafed a6tivity. greater quantity of matter will therefore 
enter, within any given portion of time, into vetfels of the feme 
capacity ; and this increafed quantity may frequently exceed 
that which the veflels of the bark are immediately prepared to 
carry avtta)p Much new wood will in confequeiice be generaVd, 

^ U 2 and 
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Stpwtnenti apd, incretfcd vigour given; and, the fame caufes operating 

obfervttions through fucceffive feafons, will give the afccndancy we gene* 
on die motion of ,, r i i- t i i 

the fii^lA ttees. fal*/ obferve m the perpendicular branch. 

In the preceding experiments, none of the layers, or cuttings, 
exceeded a few inches in length ; and, to the lummit of thefe 
the lap appeared to rife, through tlie inverted tubes of the wood, 
nearly as well as in thofe which retained their natural poiilion, 
Butfome former experiments had induced me to rufped, that 
thia would not be the cafe in longej cuttings; 1 thcrciore planted 
in the autumn of 1802, twelve cuttings of the fwallow, (SdLix 
caprea,) inverting one half of them. The whole readil) emitted 
roots, and grew with luxuriance ; but their modes of growth 
were extremely different. In the cuttings which flood in their 
natural poiition, vegetation proceeded with mofl vigour at the 
points mofl elevated ; but in the in veiled cuttings^ it grew more 
and more languid as it became difcant from the ground, and 
nearly ccafed, towaqils the conclufion of the fummer, at the 
height of four feet. The new wood alfo, which was generated 
by thefe inverted cuttings, accumulated above the bafes of the 
annual flioots, as in the preceding inflances. 

Thefe fa6ls appear to piove, that the vcffels of plants are not 
equally well calculated to carry their contents in oppoiite di- 
redlions ; and, I think, afford fome grounds to furpedl that the 
velTels of the bark, like thofe which conditutef the venous 
fydem of animals, (to which they arc in many refpe^s analo- 
gous,) may be provided with valves, whofe extreme minutenefs 
has concealed them from obfervation. 

The experiments, and dill more the plates, of Hales, have 
induced naturaiids to draw concludons in diredl oppofition to 
the preceding. But the Plates of that great naturalid arc not 
always taken correctly frpm nature ; * and Plates, under fuch 
circumdances, how^ever fair and candid the intentions of an 
author may be, will too often be found fomewhat better calcu- 
lated to fupport his own liypotheds, than to elucidate the la£is 
he intends to dale. ^ 

Thejireceding peculiarities in the growth of inverted cuttings, 
appear to have efcaped the obfervation of Du Hamel ; and, as 
veiy few inftances of error, or want of accurate obfervation, 

♦ The eleventh Plate (Vegetable Staticks) is that to which, in 
this place, I particularly allude. 

Will 
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tvifl ever be found in the works of that exceflenl natiiralift, I 
inuft requeft pentiiffion to fend yoM tome of the fubjaA^ of mj 
experiments, as vouchers fur my own accuracy. Aefxp 

Of the inverted cuttings employed by Du Hamel, a fioalt 
portion only appears to have remained above thegreuatf; and 
under fuch circumdances, the different forms of thofe growing 
in their natural, or inverted, pofition would be fcarcely ob« 
fervable* It appears afTo. from his experiments, that fuch in* 
verted cuttings, in fubfequent years, grow with as much vigour 
as others that are not inverted; whence we mufl conclude, diat 
the organization of the internal bark becomes again inverted, 
and adapted to tlic pofition of the branch. The growth of fome 
inverted plants of tlie goofoberry-tree, which I obtained, many 
years ago, from layers, gave me reafon to draw a different con- 
dufion ; for thefe always continued weak and dwarhfli. } do 
not, however, entertain the flighted degree of doubt, but that 
the aflfertion ol Du Hamel is perfedly corred. 

I intended to have added fome obfervatiuns on the repro- 
du6lion of buds and roots of trees; but thefe woula neceflarily 
extend the prefent Paper to an immoderate length ; I fhall * 
therefore referve them tor a future communication, and con- 
clude with an account of an experiment which more properly 
belongs to the Paper 1 had the honour to addrefs to you lafl 
year, but which had not then fucceeded. 

1 have dated, in that Paper, that the leaf-flalk, the fruit- 
fialk, and the tendril, of the vine, had been"' fuccefsfuUy fubdi- 
Ijuted, in mail) indances, for each other; but that 1 hadfailed 
in my efforts to engraft a bunch of grapes, by approach, on the 
Icaf-dalk ; owing, I conceived, to the operation having been 
improperly performed. In thofe experiments, I cut the leaf-flalk 
into the form of a wedge, and made an incifion in the fruit- 
dalk, adapted to receive it ; but, uoder fuch circumdances, ihp 
leaf-dalk (as f had proved by many experiments) has no power 
to generate new mailer ; and the wounds of the fruit-dalk heal 
fo dowly, that 1 rcadil) anticipated the ilUfuccefs of the opera- 
tkm. the lall fpring, ( p^red o(f dmilar portions of the leaf- 
flalk fruit-dalk; and, bringing the wounded parts into 
conta^, I fecured them clofely together, by means of aJbandage, 
lotting the leaf* remain. Under thefe circumflances, an union 
took place ; ^and the fruit-dalk being then taken off below the 
point of junction, and the leaf-flalk above it^ gropcs^drew 
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Aeir wbol^ nutriment throngh the remaining part of the leaf- 
Tht?y did not^ however, acquire ibeir full fize; and the 
tnc0* feeds were fmall, andi I think, incapable of vegetating ; but 
this I attribute* (o the want of nutriment in quantity rather than 
in quality; for the union of the vetfels of the leal-ftalk with 
thofe of the frutUfialk was very imperfect. The grapes, which 
were the purple Frontigniac, pofletTed their mufky flavour, in 
the fame degree with others growing on the fame plant. 

There is another experiment in my laft Paper, which I will 
alfo notice here, becaufe it appears to lead to fome important 
^onclufions, and had been tried only in a (ingle inflance. I 
have there dated, that the flem of a young tree became ellipti- 
cal, by being confined to move only in the fegment of a large 
' circle. This experiment wa< fucceUfully repeated during the 

lafl year, on other trees ; but 1 have nothing to add to the dc- 
icription which I have already given. 

1 am, &c. 

T. A. KNIGHT. 


XIV. 

ExtTa6t qf a Memoir qf il^r. Erman, efttitled, Ohfervations 
and Doubts concerning Atmojpheric Eledriafy *. 

Mr . ERMAN who is already fo advantageoufly known to 
philofopbers, has publifhed towards the end of lad year, a 
memoir which appears to defer ve their attention in an un- 
common degree. 

Sifnsef itmor- When he made experiments upon the e1e6lrici(y of the at- 

mofphere, he obferved a great dilference between the refult 
city diflfer ac- i /, i « « • . . ^ ... 

cording to Che prefented by an electrometer armed with a conductor which 

inftrument. fuddenly raifed from Ihq earth, according to the known 

^ method, and that of a metallic rod of much greater length which 

was infulated and fixed. 

Def^ription of The eledtrometer W ufed was that didinguilhed in 
^ ®1*^*^®^*’* Germany by the name of the electrometer of Weifs. The 
fenglh of its leaves of gold is half an inch, aqd the diameter 
of the glafs tube which enclofes them is three quarters of an 

* journal dePhyflqu^ Thcimldor 12, or Vol. LIX* SB* 

.inch 
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inch in diameter, the height beinjg an inch aiiid • htKl Itk 
cover of ivory does not project above the glafs^ and 
forated in the middle with a hole in which a frialler gia£l4«fae ^ 
is fixed » and through this la(t tube palTes the metallic rodihat 
lerves to fufpend the gqld leaves^ and is upon the athole five 
feet in lengthy being compofed with feveral pieces fcreured 
together, in order that they may be more eafily conveyed 
from place to place by feparating them. A divergence of 
three lines in tliefe leaves anfwers to two lines in the elec- 
trometer of Voila ; and thai^ degree of eleAricity which would 
produce a divergence of two lines and a half in this lafi# 
caufes the leaves of Mr. Weifs to touch the fides of the glafs ^ 

cylinder. 

Mr. Erman walked in the fields with his ele^rometer. When raltsd 
having its rod confined to the length of three feet. When he 
fiiddenly raifed it from the ground, he obferved a ftrong ^ 

divergence of plus eledricity. When he lowered it with 
the fame fwiftnefs, he perceived an equal great divergence 
of nanus. The point of a fixed metallic rod of much greater 
length, ere^edat the fame fpot, did not give the leafi indica- 
tion of electricity. 

An eleftronieler placed on a pofi of three feet in length, If 
produced no divergence; and, when it was afterwards (lowly 
raifed one foot, or a foot and a half, it likewife afl'orded no fudJ«iil| dt* ' ^ 
fign ; but when it was very quickly brought down to the poftjP*?^***'***^*^ 
it exhibited minus eie^ricity to fneh a degree, that the gold 
leaf touched the fides of the glafs. This charge was gradually 
difperfed in the air, or by touching the eledtromeler with the 
hand* ; but by raifing the infirument with equal fpeed above 
the poft, a divergence of plus ele^ricity of the fame firength 
was afforded which was defiroyed in the fame manner* 


The more infulating the air the lefs k is neceflfary to rarfe Canduff ii^ 
ihe eledlrometer in order to proebtee this effeS ; but the long^ jwSJro** 
the point, the more firikingly will the effefi be (liewn, * 


tn damp weather. A circular motioi^ at a confiant diftance 
above the earth does not exhibit any ele^ficity, neither does 


a progreffive motion upon level groond afford any»changet 


« From this laA it appears, that the cleftrometer Imd not any 
flips of metal within the tube like thofe of Bennet, who firft uied 
gold leaves. N. 


but 
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bnt wbeti the ground rt(iis even infenfiblyt the phenomenon 
is obferved, and it is rather extraordinary, that it even affords 
a mead^ of afe^rtaining (he level. 

▼irldfemeftbe To vary the cxperimenti the ekftrometcr may be placed 
eipeiinent, qpon a low fupport, and touched with an infulated flick oir 
wire which has been quickly moved towards the ground, and 
is afterwards raifed with the fame quicknefs. 'The elec- 
trometer in the firfl cafe exhibits plus eledlricity, and in the 
fecond minus. 

is very remarkable, that *thc minus ele6lricity pades 
through Zero before it changes into plus, and vice verJU, ac* 
cordingly as the inflrument is raifed or lowered even when 
there is no interval between the two motions; but the diver- 
gence will be more viiible, if lime be allowed for the elec- 
trometer to difeharge itfelf between the two experiments. 
ftaulTurtS obfer Sauffurc formerly obferved the effenlial requiiitcs in this 
vationi* phenomenon; but his eledrometer was not fo fenfible, and 

he explained the phenomenon by fuppoHng that tlic elec- 
trometer was the mofl infulated, and the fixed rod not fuf- 
ficienlly fo to indicate fuch flight degrees of eledtricily, 
Thee]e€trometer Mr. Erman has afceitained, that the phenomenon mufl 
-flsafff^notby attributed to the manner in which the eleftricily is diflribut- 
atmofpherer bodies. The mafs of the ground exerts its influence 
^ fimpty by the very fenfibly to a certain diflance, and the elef^ric atmofpheres 
wth*which*ap- upon each other without any intervention of the air. The 
peers to poiTefs infulated metallic rod which we raife from the ground by 
the nmus ft*tc. perpendicularly, undergoes no other change than 

is owing to its own proper eledli icily, which is then iefscom- 
penfated by the influence of the ground. Whether the elec- 
trometer or the plate cf an elcclrophorus be flowly raifed, 
the eledlricity becomes communicated to the furioiinding air, 
Thetarmlaatjonand is not manifefled. A'hall placed on the point of the rod 
fE the condote Qf the eleflrometer does not at all change the divergence of 
cn^fi in glaS when the condii fling rod of the elec- 

snakes no dif- trometer is enclofed a tube of glufs not open at the top, 
(he phenomena are the fame, and the divergencies of jius 
and minus are e(|ually feen according to the direflion of thb 
aiotion. And when a fecond tube is put over the firfl, for 
the purpofe of more exaflly preventing the contafl of the air^ 
the refults are not at all changed. 

3 Mr. 


Ibicace* 

f 
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Mf*ErfMan procured a tube of giafft 14 feet longy which he A fl«e4ro4 eot 
covered with varnilh, and through whSth be inlrbdhced A 
bnetallic wire which pafTed above the upper ipatt^ and had regard to the 
the eledkrometer adap*ted to its lower extremiiy. A 
piece of amber being rubbed and applied to the upper end ' 
bf the wire, produced a divergence iiv the leaves. The 
eledtricity *of the air had not, howeveri any intluence on this 
fixed, and very nicely infiilated point ; which flievvs, that the 
air furrounding a point i< more adapted to deprive it of elec- 
tricity than to conmiunicat^ it. Another cledrometer w'hich 
was raifed from the earth at the fame time produced a great 
divergence. 

Mr. Erman wiflied to know whether two bodies in the fame Two elcdtromt* 
atmofpheric flratum reciprocally modify their eledtric 
when their diftance is altered in eitiier diredtion. Two gold then horixontally 
leaf eledtrometers equally fentible, and armed with rods three 

r * r \ t t . . i- I • . II 

feel long, one of winch was bended, to that its point could couiing to the 
be placed near that /if the other eledrometcr, on the fame 1*'^® I*®***®* 

horizontal line were held at arms length from each other, and 
touched with the finger to difeharge, and put them in equili- 
brium with (he furrounding air. They were afterwards brought 
towards each other horizontally, and whc?n they were fuf- 
ficiently near to permit their almofphere*^ to adi on each other, 
there was a divergence of minus eledtnrily on both tides, 
which came to its maximum when the eledlronielers weye in 
contadl. They were again feparated, jnd the divergence 
difappeared, both being at the (tale ol Zero. One of the 
wires of ihcfe eledtrometers was put in contadl with the 
earth, when the divergence of the other infulated eledlfomeler 
(uddenly diminifhed to half its former quantity; a fadt that 
aifo proves that the whole depends upon the eledtricity in- 
herent in bodies, and not at all uphn that of the atmufphere. 

When the eledtrometers were removed from each other, Continuition of 
that which was touched with the finger indicated plus in a the wperiaigufci 
degree equal to the minus it had befwe (hewn. If the two 
eleSrometers be touched with (he nriger, no further ap- 
pearance of the mtm/j divergence , is feen ib ehhetgof tbeoi; 
but if they bckthen feparated both will exhibit plus. Can 
thefe phenomena be attributed to the air? or is it pofiiUe to 
avoid admitting in ihefe experiments the influence ^ eledric 
gtmofpheres, and the law of the condenfer ?— It is, therefore, 

. « well 
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well pmved^ that all bo^feR, even which are in eqnilibrhim 
with the earlhf have eleSric atmorplieres in the open air# 
from which re&iltR a modification in their eledlric Hale. 
Tbeelearic in- Mr. Erman conje6lured« that a body of a greater volumR 
have Hill more influence. He obferved a tree which 
Hoad alone in an open fpace. He retired to the diHance ot 
twenty paces from it, and difeharged the ele^ricity of hi« 
eledtrometer by touching it with the Anger. He then ap- 
proached the tree, keeping his eleAromeler at the lame height 
above the earth. The eledromefer diverged negatively, and 
the divergence continually augmented as he came nearer, ib 
that the leaves of gold touched the Ades of the glafs at the 
ipoment when he was under the tree. This negative Hate 
laHcd as long as he remained there, but when he retired 
again it gradually difappeared, fo as to have become infenAbie 
when he arrived at the original diHance of twenty feet. 

When the comm iinical ion between the point of the elec- 
, trometer and the earth was completed, under the tree, the 

divergence ceafed ; but the eledtricity was only apparently 
deflroyed, and manifeHed itfelf again when be retired from 
the tree. 

The mutual in- Two eledlro meters being brought near each other at the 

iSedr^mten^is *^*^**^^6 of half a foot from the earth, did not produce this 
Ibircftly fecn efibdt, becaufe the mat's of the earth too greatly influenced 
^^i]i"*R«wrks pf ox im i ty . In order to have very Ample refults, it would 
an aeroftatic ex- be requiAte to difeover fome means of rapidly elevating an 
pro- jnfulated body to fome thoufancls of feet above the ground ; 
and if this experiment were undertaken in the boat of a bal- 
loon, it would probably be fceni that the poAtive charge 
would conflantly increafe during the afeent, and would be- 
come negative as it approached the earth : but if means 
could be had of changing the fyAem of the balloon in the at- 
mofphere, by the interventian of another body, which would 
be difficulty the contrary effects might be expedted. This 
change of fyflem is ^wever feen when a cloud defeends, 
and difeharges itfelf with exploAon into the earth. Bui an 
eleAromater of the ufual conHrudlion in the boat of a baHoon 
wrould indicate nothing, becaufe the upper part always has a 
charge of eledricjty of the fame kind ai that of the goUU 
laawes, and of equal intenAty. 

If 
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}f ll)e influence of ihe eledricity of the groipnid be fuf' Thefe effeai 
(icient to prevent the divergence, the fame eilcft pegbt to 
take place in every clofe chamber, becaofe a^roof or ceiling &c. 
may be confidered prolongation of tlie ground. Hence 
it is that tt^is polarity does not manifefl itfeit* in a chamber ; 
it is aifo erroneous to pretend that (he atmofpbere produces 
elediricity I and it is equally erroneous to aflert, that eledtr|jD 
repulflon docs not take place in a vacuum; Mr. Erman pros* 
pofes to eflablifh in an incontcn’ible manner in another me«- 
moir, that the repullive iWce of electricity, as well a^ of 
magnetifm, are alfo nianifefted in a vacuum. 

It the eleftricily of the rod of the ele6lrometer could be The eltdrie 
aferibed to that of the nlmofphere, it wiiuld follow, that it 
(hould be equally eledlric tltrough its whole length; but if it air; for the n4 
depend on the earth, the rod will not be equally eledtrified, jrifiedfhniiS*** * 
and its different parts will be varioufly modified accordingly as oui. 
they may be more or lets remote from the earth ; and tins in 
fa6l is the cafe. Two elc«5lrometers, each having a pointed 
rod of three feet, one of which was twice bended in a rigl)4 
angle, fo as to have an horizontal portion of three or four 
inches before it proceeded upwards, were held in fuch a 
manner, thal the point of the Araight rod of the one touched 
(he horizontal part or elbow of the other, which was lower. 

When they were touched, to difeharge them, no divergence 
was feen, but when they were afterwards feparated horizon* 
tally » the leaves of the lower ele^roraeter diverged, while 
thofe of the upper were not at all moved. 

It is very remarkable that the nearer the con(a6l is made to its ftate difl^ 

(he upper point of the compound condu6lor to take its elec* 
tricity from it, the greater is (be pofitive divergence of thcp^t, ||g 
lower eledlrometer; and if the difeharge be maJc very near f^th. 
the upper points the eledrometer iivill indicate plus but very ^ 
feebly in comparifon with that below. 

If thefe two eledrometers, the conduding parts pf which £lcariepolsi»ty. 
^rm together a length of fix feet, be raifed perpendicularly 
ibrne (eet above the earth, the plus eledrieity will be obferved 
in boih ; but if they be feparated horizpotallys the upper ona 
wiU retain its divergence, and the lower will augment itiiid^ 
deoly, even to double. From this it is evident that the con* 
dudor has not the fame charge of eledricity through all tU 
length, and this is precifely what is called polarity ; and as the 
^ pnsfence 
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pr^enceof the ele6irome4er is not elTential in this experiiaenti 
we may conclude from it that each conductor placed perpendi- 
cularly on the earthy ha< iU polarity in the diredion in which 
we have juft explained it. • 

One extremity Thit ‘^how^s why an eleftrometcr indicates a divergence plug 
ter indieato'du' ‘*** P®'"‘ •* ‘©“cl’e*! with the band in the open air, and is 
irergence; the foon withdrawn, while there is no divergence when the lower 
part of the wire is touched. This phenomenon is feen in 
Weifs's eledlrometer,^ even when the wire is not more than 
three quarters of a foot long. 

From all this it will be feen how deceit Ril the experiments 
the eleftricity of the atraofphere may be; forinthecom- 

vafwctaia* vnc>n method, the hand is direfied to be moved from the bottom 
upwards, towards the point of the elcftroraeler, to deprive it 
. ( of its accidental ele^ricity, and it is prccifely this which com^ 

municates it td it. 

Theinrerven- With refped to the exceptions which the fa€ls announced 
rllnp^c.^rc-'** above may be liable to, it miift be obferyed that w1ien a ftorm 
vcrfcB the phe- ifrives a cloud over the zenith of the obferver, or when rain, 
hail or fnow falls at the place of obfervation, the phenomena 
which occur arc totally oppofitc ; the eleflrometer gives plus 
when it is brought towards the earth, and fninus v^hen it is re- 
hut a contiaped moved from it, 8zc, 8zc. But this anomaly is only a tranfient 
jSjiiJy objured pretended negative ftate of the atmofphere does 

by clouds does not exift, either when the rain is of long duration, or when 
the iky ts entirely covered with clouds; for in ihe latter cafe 
tlie eledlrometer i< pofitive on being raifed, as when the iky is 
clear. The pertuibations fpoken oF arc only momentary and 
change continually. It is evident that (hefe changes cannot be 
attributed to the charge of ele£lricity fet at liberty in the air: 
it is more probable that thefe maflTos of clouds modify (he elec- 
trometer by their atmofpheres, like the tree in the preceding 
experiment. The perpendicular conductor may be compared 
to an iron bar, the polarity of which is reverfed accordingly as 
the fame pole of a miu^et is prefenied to one or other of its 
an^tnay be 1iiu« extremities ; thefe ei!e£ts of the meteoric maflfes may alfo be 
imitated«by condu^or^ ; the fol^ motion of the hand above thf 
fioint of an electrometer is fufficient to produce the negative 
ftate. in queftion, and infulation renders thefe eSedts more 
fenlible. 

(To be concluded in our next,) 
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SClENTIFid NEWS, 

Professor DANZEL of Hamburgh mwte, in 

ginning of laft year, a fecond experiment of 
he has invented for the diredtion of eerofiatic machiims,;: llh 
is faid Iq have obtained a progrefs, in a right line, of twelve 
feet in a fecond, which is nearly equal to (iuee Jleagoes in an 
hour, although be did not bring more thari half hia means into 
adtion. On the fame day he made an elTay with another 
machine for the fime ufe, the^refult of which vifas not tefs 
fuccefsful. He has (ince pubItClied the principles^ of his 
difeovery in a pamphlet, entitled, Bads of the Mechanilm 
for the Diredtion of Aeroltatic Globes, by Profeflbr Danzel, 
of the Society of Emulation of Abbeville, at Harobutgh.^^ 

The clafs of phyfical and mathematical fciences of the Corrdjiriaiwts f 
National Inilitute of France, in its tilting of 2 d 4 |Piuviofe, in 
the year Xll. eledled the following correr{>onding members, and mat 
Mellirs. Leblond, engineer, returned from Cayenne ; Bernard, 
engineer and ailronomer, at BagnoU; Simons, phytician at 'ji 
London ; Creilg German chemilt ; Thunberg, the fucceflbr of 
Linnaeus in Sweden, who made the voyage to Japan ; Bugge, 
ailronomer to the king of Denmark ; Gofle, ciiemift at 
Geneva; Proull, chemill at Madrid; Cugnoli, aHronomer 
at Modena ; Reboul, to whom we are indebted for tiiemeafures 
made in the Pyrenees; Mendoza, a Spaniard,^ fettled att 
London, known by his important works on navigation* 

They were all correipoiidenls of the Academy of Sciences 
in 1793. 

The fame clafs has prolonged the time for receiving anfwers Prise 
to the following prize quetlions, until the 111 Germinal, iq 
the year XIIL To determine by experiment the different 
fources of carbon in vegetaldes.” And, '' To determine 
by anatomical and chemical obfervations and experiments, 
what are the phenomena of the torpidity which certain 
animals, fuch as marmots, dormicep &c. experience during 
the winter, with refpeft to the chroulation of^the blood, 

#efpiralion and irritability ; to enquire what are the ca^^es 
of this fleep* and why it is peculiar to thefe animals,^ 

The value of the prizes is doubled, and confifts of Iwd 
kilogrammes of gold/ aboat 283/. itm-lmg ieach. 

Jbezftronofnical prrasf, inftituted by M. de Lalande, to be 
g|¥en te the perfon, in France or elfeii^tre, the members^t 
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;iPfise,4tteflSonb. the Inftifule alone excepfed, who fliall have made the ob- 
fervation moft intereftin^, or pubhlhed the memoir moft 
ufeful to the prCgrefs of adronomy, waji in the public (itling 
of the ^tlr Meduior, decreed to M. Jofeph Piazzi, ProfelTor 
Royal of Aftroiiomy and Diredlor of the Obfervalory of 
Palermo^ for the work which he has lately piiblidied under the 
title : PrcEcipuarutn ftcUariun inerruntium pojitwncs medics 
ineuiite facitlo XIX, ex ohfervationibus habitia in Jpecula Po- 
nonnilana, Panonni, 180:i, one volume in folio. 

The I’ubjediof ihe mathematical prize propofed by the clafs, 
in this filling, is the following: To give the theory of the 
perturbations of the planet Pallas, difeovered by M. Olbefs#*^ 
The works are to be written in French or in Latin ; and are 
to be received to the lit Germinal in the year XIV. The 
prize is a gold medal weighing a kilogramme. 

The academy of fcieiices, literature, and the fine arts of 
Turin has propofed the following new prizes. 


Clafi of P/iyftcal and Mathematical Sciences, 

Firfi Prize. The electric and galvanic fluids offer fo many 
points of analogy, and fo great a number of different effects, 
that many pliilofophers believe them to be identical, and many 
others make them two dillindl fluids : 

New experiments are retjuired which Jhall decide , in a definitive 
manner ^ on thtir identity or diverfily. 

Second Prize. It will be feen in the Connoijfance dcs temSf 
for the year XII. page *217, that the refradlions which are 
adopted do not fliow an agreement in the obfervations of the 
fummer and winter folllices of the years 7> 8, and 9, to give 
the fame obliquity of the ecliptic, as they fhould do ; and it 
is clear that a difference, fiich as is found, bf eight feconds 
in the refult of the calculations, not of one obfervation, or 
of two, but in the total of fiFveral, made on different days 


of difierenl years, mu ft have forne caufe : 

A Jkiisfa^ory explanat^n is demanded, 

Clafs of lAtprature and the Fine Arts, 

Queftion propofed. , To demonfirate whether the economicail 
Jtfence known by the name of Statiftics, is a nele JclencCf artd 
what are the advantages ftates may derive from it. 


The pris^e for each queRion is 600 francs ; and memoirs are 
to be received until the 30th Frimaire of the year XIU- 
They are to be written in lAtin, French, or Italian, mid 
S s ‘ fcot 



SCIENTIFIC NEWS. 


90i' 


iVnt, free of poftage« lo 4he academy. Tlw priiAS wIH Tj^ Prlas,|tt«ftUi^|^ ^ 
declared in the laii public fitting (MeOidor) of the fame 

The h>ciet]|r of emulation of Colmar in its r 

17Lb Therniidpr, propoi'ed the following fabject fiSr m prjxdiv / 
of 300 francs, to be decreed in the public fitting of MeffiptC# ' 
in the year ^ill. ' / " 

** 1. What are the readied and lead expenfive means 
converting into animal oil, fuch remains of aniinaU as have 
been hitherto lod to the arts end to confumption f * 

** 12. To what arts, and to what kinds of fabrication can 
this product be applied; and what preparations flioald this 
fubdance undergo before it is brought into commerce ? 

3. Finally, in an extenfive undertaking, the objeA of 
which would be to convert the remains of animals into anitnal , ^ 

oil, what precautions would be necelfary in the adminidrative 3 

police, to prevent the public health from being injured?” 

The memoirs are to be written in French, German, or 
Latin, and Tent before the 1.3lh Meflidor, free of podage, to / 

the Prefed of the Depaitment, or to the Secretary of the 

Society. • . ' .:i 


m 


Erlra^ of a Letter from Mr, J, Dalton, LeSiurer at 

Royal Infiitution, Dated^ Manchefiert March 12, 1805. 

A VERY remarkable and iingular appearance of the Acmwkabfi 
aurora boreaUs was obferved at Mancheder from 10*to 11 ****«<* 

the evening of Saturday the 23rd of February. The flcy 
was almod completely obfeured with dark clouds, efpccially to 
the fouth, with fome rain; about 60*^ above the horizon, oil 
the fouth meridian, there was a fpace in which the cloud was 
lefs denfe, where a very driking vacillating dame arreded 
the attention of mod people who happened to be out. It 
fometrines (hone witii*ruch vividif^fs as to exhibit a dream of 
bght right down to the horizon through (he tliicked part of 
the cloud; and at other times, the Ahole foulhern region 
was illuminated as with a dafh of Ughtning. The ligilrt 
Teemed fcarcely to reach the zenith, mnd at breaths in tho 
clouds to the north, no light appeared. Should Ibis phenome** 
non have been obferved in the fouth of England or in France, 
a comparifon of .he obfervations may lead us to form Cornu 
idea of the ^eight of this and other appearances of this i|eleor, 
wbicR occur much more rarely of late yean than formerly. • 



To CORRESPONDENTS. 

THE ingmwtts iuftrum^ of I, S. F. f<fr erplojions has hot 
nptfeitrad iif iht Editor to be ^aTited* ChetnictA lefluters in thii 
fnetrepolie uflt ^ jmaU particle of pkofjhotuH^ nj the fize of a 
mki /prmkle upon ft a pinch of the OTqmoriate of pot^ 
nfi^, in la mortar, flfi^ CmtiH (juanrity, htini( firuck 

mb of the pefiie, a lond erd fiou zvith the vifible 
Jhnut^ iitt the burning matter is too hille to tndnngen the Jpefia*^ 
‘ 

3 (le excellent per/peStive injlrum^t dcjcnhed and druufl by the 
Eev, Wm. GKUOOK 9 ha9 no douht the priority in actual dote to 
ikaipf R. L. Ed G WORTH, Eftf, defcrthcd irt nut full l^oL page 
jSBl. But he zvi/i Jke^ by turnmo tJ that anUle, that the infiru* 
meats are loo neatly alike lo admit of a fcond publication, 

I am much obliged to Mr, Cumberland for his favour of 
theMih Feb, 'Ehe ufejul ohjtFl'* metUioncd in his pnjlftript ap- 
pear to me to he fiich as would be very acceptable to the public, I 
ahi tfrardihut the circumfiance of the invention of Mr, J. having 
been pyhUJhed bifire would make it tefs proper to be riprinicd in 
ajourml zukuh is honotned with fb much original matter, that 
prejfbsfor infertion. Bat 1 jhall be ha^ipy to give it a more ddi- 
betute confideration rf hts Jr ierai uill favour me with the loan of 
the" plates, and Jack additional objtrvations or notes as he may 
think fit to make. 

The cefe of deafnef, communicated by Mr. Hill of Wells, 
Korjolk, in which Jo ninth henju was denied Jrnvi elefincitij, is 
zery intenfiing. Some mtdual cafes ha^e appeared in the early 
numbers of ike fvjt firits of thisjouiwil; and others prejknted 
tkemfhlves for my detifron as Editor xnth rctraid to their value 
and tmpoitanve. But in the attempt to pet form this part <f my 
duty, 1 Jound difficulties fo^greut, and a fuhjiit jb extcnfiie, that 
tk appeared proper In co^tffne <he papers, to be admitted, to Jack 
as are dff'ectlij and immeduudy comu&id uith chemical and me- 
chanical fcience, I Jh^l be happy to cumey hn Utter to a re* 

' fpeSuble Alcdical Jourmi, if he Jkould think fit, 

• f 

^ 1 am very forry thati he letlerft om a Co u ii es^po N n e nt, uho 
requejled fame enquities to he made, concerning the fundamental 
experiments on heat, of the late Da. Ikvinl, has been Jb long 
without its effeB. / hope to be enabled la give ihe'narxAive he 
requejl^ in the next member. ' % 
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